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Sir: 



This is a petition to accept the attached Combined Declaration, Power of Attorney and 



Petition unsigned by the third listed inventor of record. Inventor Gerard Vanacker received multiple 
requests for his signature sent to his representative at Cabinet Versini-Campinchi & Associes, but 
has not returned the executed document Joint inventors Maurice Bourlion and Dominique Petit 

* 

hereby request that the Application be accepted and prosecuted on behalf of Mr. Vanacker. 

Statement of Facts 

Mr. Vanacker was employed by Spinevision on July 22, 1999 as shown in the Employment 
Contract in the attached Exhibit A. (An English translation of the Employment Contract is 
provided.) Mr. Vanacker is no longer employed by Spinevision. Mr. Vanacker was obligated to 



assign inventions to Spinevision as shown in the Employment Contract (see Article 13). 
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On October 26, 2006, Proskauer Rose LLP, Spinevision's representative, sent a letter to Mr. 
Vanacker's consultant Cabinet Versini-Campinchi & Associes with an Oath and an Assignment 
requesting Mr. Vanacker's signature. Neither Cabinet Versini-Campinchi & Associes nor Mr. 
Vanacker responded. Copies of the letter, an English translation of the letter, enclosures concerning 
the second listed invention, and proof of receipt by Cabinet Versini-Campinchi & Associes of the 
October 26, 2006 letter are attached as Exhibit B. 

Proskauer Rose, on November 28, 2006, sent a follow-up letter with another Oath and 
Assignment to Cabinet Versini-Campinchi & Associes and requested that Mr. Vanacker execute the 
documents and return them to Proskauer Rose. Again, neither Mr. Vanacker nor Cabinet Versini- 
Campinchi & Associes replied. Copies of the letter, an English translation of the letter, enclosures 
concerning item 3 in the letter, and proof of receipt are submitted herewith as Exhibit C. 

Lovells LLP, on September 19, 2007, sent a follow-up letter with another Oath and 
Assignment to Mr. Vanacker requesting that he execute the documents and return them to Lovells 

« V 

LLP. Again, Mr. Vanacker did not reply. Copies of the letter, an English translation of die letter and 
the enclosures referred to in the letter are submitted herewith as Exhibit D. 

It is therefore believed that Mr. Vanacker has refused to sign the Declaration. 

Last Known Contact Information of Non-signing Inventor 

The last known address of Mr, Vanacker is: 

Villa Saint Antoine 
2 rue du Sautiquet 
83380 Les Issambres 
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The last known address of Mr. Vanacker's representative is: 

Cabinet Versini-Campinchi & Associ^s 

MonsieurAlexandre Merveille 

Avocat & la Cour 

4, rue de la Tour des Dames 

75009 Paris, France 

The Combined Declaration, Power of Attorney and Petition executed by the other inventors is 
attached hereto. 

The Commissioner is authorized to charge the late declaration fee ($130) and the petition fee 
($200) to Deposit Account No. 50-2719. 

Confirmation of the granting of this Petition is respectfully requested. 

Respectfully submitted, 

T. Daniel Christenbury 
Reg. No. 31,750 
Attorney for Applicants 

TDC/sh 
(215)656-3381 



\ 
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Employment Contract 

BETWEEN: 

SPINEVISION, a public company with 38,325 euros in capital, having corporate headquarter 
located on 22 rue Alphonse De Neuville, 7501 7 Paris, registered with the Registry of Commerce 
and Companies of Paris under the number 423 661 693 (hereafter "the Company"), and 
represented by Mrs, Sarah Sorrel-Dejerine in her capacity as President of the Board of Directors; 

ON THE ONE HAND. 

And 

Mr. Gerard VANACKER, a French citizen, domiciled at 52, avenue Francois Adam, 94100 ST 
MAUR; 

ON THE OTHER HAND. 

THE PARTIES AGREE TO THE FOLLOWING? 

Hie Company has offered Gerard Vanacker, who has accepted, a position of employment under 
the following specific terms and conditions, as well as under conditions provided for by die 
National Collective Bargaining Agreement of Engineers and Metallurgy Executives (hereafter 
"Collective Bargaining Agreement")* and which is contingent on the results from the pre- 
employment medical examination. 

Article 1 ~ Functions - Promotions 

r 

Gerard Vanacker begins service with Hie Company as the Director of Sales and Marketing, 
executive status, grade 240. Within the context of this position, G&ard Vanacker will be 
responsible for following the instructions that the Company will be giving him and will be 
responsible for reporting to the President of the Company as to the execution of his mission. 

It is understood, and accepted by G&ard Vanacker that his position will be able to evolve and 
that the Company will be amenable to modifying and completing his functions and 
responsibilities. 

Article 2 - Place of Work 

The place of work is fixed at the headquarters of the Company and/or on the operational 
premises of the Company located in the Paris region, it being understood that the functions of 
G&ard Vanacker will result in frequent travel, within France and abroad 



Article 3 - F reedom of Engagement 
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Gerard Vanacker declares that he is not held to any other agreement with or obligation to any 
previous employers which would prevent him from working for the Company. 

Gerard Vanacker declares that, during the entire duration of his employment with the Company, 
he will neither use nor divulge any confidential or secret processes information belonging to any 
of his previous employers. " 

■ 

Article 4 -Duration 

The present contract is entered into for an indeterminate duration beginning from July 22, 1999. 
Article 5 - Obligations and Duties 

5. 1 Gerard Vanacker i$ being hired to exercise his functions loyally and to the best of his 
abilities. He will not, except if he has received prior written authorization from the Company, be 
involved in any other professional activity of any type, nor will he involve himself in any mariner 
with any activity that would be in competition with the Company or that is in conflict with the 
interests of the activities of the Company. 

52 Within the context of his employment functions, G&ard Vanacker will be entitled to 
conclude any agreement which may undertake the Company in conformity with the policies and 
the directives passed by the board of directors of the Company. 

5.3 AU publications or communications of Gerard Vanacker concerning the activities or the 
interests of the Company will be preliminarily authorized by the President of the board of 
directors, except publications or communications concerning the promotion of sales of the 
Company or the daily functions of Gerard Vanacker! 



Article 6 - Compensation 

6. 1 The Company will pay G&ard Vanacker a base annual gross salary of six hundred 
thousand (600,000) francs, payable in twelve monthly installments at the end of each month. 

6.2 The Company will proceed annually with an evaluation of Gdrard Vanacker's 
performance and will contemplate a procedure to increase his salary such that it is tied to his 
performance, at each anniversary date of fee present contract Despite all clauses contrary to the 
present contract, it is expressly agreed that all bonuses, incentives, commissions, gifts, or any 
other payment included in the compensation set forth in this Article 6 will not be considered an 
element of salary that G&ard Vanacker will have a contractual right to receive, but rather as 
generosity that the Company reserves the right to cease or revise at any moment and at its sole 
discretion. 



(Please note that the original French version does not mention any article 63) 



6.4 It has been agreed that the compensation of G6rard Vanacker will be based upon a 39- 
hour work week. However, it is understood that the said compensation will take into account the 
nature of the functions and responsibilities which have been entrusted to him and will remain 
independent of the time that he dedicates to accomplishing them, in the exercise of his functions. 

Article 7 ~ Vacation Pay 

Gerard Vanacker will benefit from vacation time set forth by law and the Collective Bargaining 
Agreement, of which the scheduling will be determined by agreement between the Company and 
Vanacker, taking into account the demands of his service. 

Article 8 - Incapacity 

In the event of incapacity to work following an illness or accident, Gerard Vanacker must inform 
the management from the beginning of the first workday of his incapacity by submitting a 
medical certificate to the personnel department of the Company. The Company reserves the 
rigjit to submit Gerard Vanacker to an examination by a doctor of its choice. 

Article 9 -Expenses 

Within the context of the regulations^licies in place within the Company, Gerard Vanacker 
will be reimbursed, upon presentation of his justifications for incurring such expenses, for all his 
professional expenses, including his travel costs incurred within the context of his functions 
within the Company. 

Article lO-Secret-Confidentiallty 

10. 1 Gdrard Vanacker recognizes that the activities of the Company are based on specialized 
work and a specific know-how, and that confidential information will be communicated to him 
within the context of this present contract The term "confidential information" means all 
information that is not known publicly, concerning the activities of the Company, including, 
without limitation, all plans, production procedures, product and formula specifications, 
methods, technical bulletins and product bulletins, all data regarding the equipment sold or data 
regarding performance of services, as well as studies, research and development programs, 
correspondences, client lists, names of clients or prospects, sales reports and financial 
information. 

1 0.2 G&ard Vanacker agrees, for both during the time he is exercising his functions within the 
Company as well as after those responsibilities/fiinctions end for whatever reason, to maintain in 
the strictest of confidences the Confidential Information and to neither use the information nor 
communicate it to any their parties, whether a human being or a corporation, without the 
preliminary, written consent of the Company. 



Article 11 - Non-Corn nete 

G&ard Vanacker is prohibited, during a period of one (1) year (renewable one time) from the 
end of his employment contract with die Company, for whatever the reason; 

(a) from leading direcdy or indirectly, alone or in concert, a$ head or agent of another 
corporation or person, any competitive activity against the Company, without the 
prior written consent of the Company. By using the term "lead", it includes all 
activity in which he would be engaged, have an interest or more generally be in 
involved. The term "competing activity" refers to all activity in the domain of 
implants and spinal instruments, 

(b) In consideration for Gerard Vanacker's agreement not to compete, and pursuant to 
the provisions of the Collective Bargaining Agreement, G&ard Vanacker will 
receive, after the effective termination of his employment contract and during the 
entire duration of the non-compete prohibition, a monthly indemnity equal to five- 
tenths of the average monthly salary and advantages and contractual benefits of 
which Gerard Vanacker had benefited during the course of his last twelve months of 
employment with the Company, 

(c) The Company may however renounce its right to enforce the non-compete in any 
way— and, likewise, renounce its obligation of payment of the indemnity in 
consideration of that non-compete obUgatioa—provided that it notifies G&ard 
Vanacker of its decision by letter with return receipt requested within 8 days 
following the notification of termination of the employment contract 

(d) In the event of the breach of this non-compete clause by Gerard Vanacker, the 
Company reserves the rigfrt to pursue damages for any prejudice actually suffered by 
the Company and to move to enjoin any competitive activity. 

Article 12 - Non-Solicitation ~ No poaching 

Notwithstanding all other stipulations in the present contract, Gerard Vanacker also agrees that 
during the two years immediately following the termination of the present contract he will not: 

(a) sell any products or services door-to-door that could be potentially competitive with 
the products of the Company, the clientele of the Company or its affiliates; 

(b) do business with the products or services of any person or corporation which would 
have been the client of the Company or of its affiliates during the two (2) years prior 
to the departure of Gerard Vanacker from the Company; 

(c) employ people who were employees of (he Company in the year preceding the 
termination of me present contract; nor hire them through any other people, 
establishments, companies by which he [Gerard Vanacker] could be employed, or in 
which he has a director indirect interest, and agrees that he will not use his influence 



over any person employed by the Company to suggest to that person or persuade him 
to leave his current post 

Article 13 - Intellectual Property and/or Trade Secret Rights 

If, pursuant to the provisions of the Collective Bargaining Agreement, in the exercise of his 
functions, which include a creative mission— which has been taking into consideration in 
determining his compensation — G6rard Vanacker created an invention, patentable or not, created 
any drawings, models, methods, programs, formulas or processes in relation with the company's 
activities, projects or research of the Company and susceptible to being protected, the intellectual 
property or trade secret rights to that creation belongs to the Company in full ' 

However, if an invention created by Gfrard Vanacker in the context of his functions provided the 
Company with an exceptional interest which was not commensurately compensated for in the 
inventor's salary, then after the issuance of the patent, a supplemental compensation that could 
take the form of a global bonus paid in once or several installments will be paid to the inventor. 

However, if G&ard Vanacker conceived of an invention or a creation covered above without the 
support, help or aid of the Company, and did not use any activities, nor studies, nor research of 
the company, the rights of the resulting intellectual property or trade secret belong to G&ard 
Vanacker. 

Article 14 - Termination 

In die event of the termination or suspension of the present contract for any reason (resignation, 
termination, retirement, medical leave spanning over three calendar months, etc.), Gerard 
Vanacker will return to the Company, at the time of his departure from the Company and 
whatever the duration of the present contract, all documents, notes, reports, accounting reports, 
drawings, lists, credit cards and correspondences, including all copies, as well as all material, 
computer or electronic support, equipment and the Company car, winch remain at all times the 
property of the Company. 

Article IS - Applicable Law 

The present contract is governed by the laws of France. 

In double copies, July 22, 1999, executed in Paris 



SpineVision represented by Gerard VANACKER 

Mrs. Sarah Sorrel-Dejerine 

In her capacity as President of the Board of Directors 

m 

♦The signatures must be preceded by the phrase "read and approved"; each page must be 
initialed by both parties. 



CONTRAT DE TRAVAIL 

BHXBE W SQVmGm$i 

SPINEVISION, sod£t£ anonyrae au capital de 38325 Euros, dont Ie sifcge social est situ6 22 
rue Alphoose De Neuviile, 75017 Paris, immatricul6e auprds du Registre du Commerce et des 
Socials de Paris sous Ie nura&o 423 661 693 (d-aprfcs la "Sori&e"), representee par 
Madame Sarah Sorrel-Dejerine en sa quality de Pr&ident du Conseil ^'administration ; 



ET 

Monsieur Gerard VANACKER, de nationality frangaise, demeurant au 52, avenue Francois 
Adam, 94100 ST MAUR ; 

TV ATTTTUT VADT 



II , A ETE CON V ENU ET ARRETE CE QUI SUIT ; 

La Soci&6 engage G&raTd Vanacker, qui acceptc, aux termes et aux conditions particuiifcres 
suivants ainsi qu'aux conditions prfcvues par la Convention Collective Nationale des 
ing£nieurs et cadres de la ra&ailurgie (d-aprts n la Convention Objective*), sous reserve du 
rfeultat de la visite m&iicale d'embauche. 

Article 1 - Fonctioos - Ctawt & mWM 

* 

Gfirard Vanacker entie au service de la SodM en quality de Directeur des Ventes et du 
Marketing, statut cadre, coeffident 240. Dans le cadre de ses fbnctions, Gdraid Vanacker sera 
charge de suivre les instructions que la Social* pounra lui donner et rendre piriodiquement 
compte au President de la Soci6t6 de Execution de sa mission. 

II est entendu, et accept par Gerard Vanacker, que le poste de Gerard Vanacker pourra 
ivoluer et que la Sod&6 pourra 6tre amende i modifier et completer ses fonctions et 
responsabilitls. 
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Article liqq <fo jrflvajl 

Lc Ucu du travail est fixi au sifcge social de la Soctetf et/ou dan** les locaux op6rationnels de 
ia Sod6t6 situ6s dans la region parisienne, &ant convenu que les fonctions de G6rard 
Vanacker le conduiront k se ddplacer fr&juemment, en France et k Mrangcr. 

A^jde 3 - Liberty $;$n%$gmwt 

G&ard Vanacker declare qu'il n'est temi par aucun engagement k I'dgard de pr6c6dente 
employeurs, qui rempScherait de rejomdre la Soci&g. 

Gerard Vanacker declare que, pendant toute la duree de son emploi au sein de la Soci&6, 11 
nhitilisera nl ne divulguera aucune Information confldentielle ou secret de fabrique 
appartenant k Itra quelconque de ses pr&tfdents employeurs. 

Article 4 - Dur& 



Le present contrat est conclu pour une durSe ind£termin€e k compter du 21 JimI\<^ 1999, 



Article 5 - Obligations de fidelite 

5.1 Gdrard Vanacker s'engage k exercer ses fonctions loyaieraent et au mieux de ses 
aptitudes, II ne pourra, saaf si! en re$oit l^utorisation ^crite et pr&lable de la SociStS, avoir 
aucune autre activity professionnelle quelle qu'eile soit, ni slnt&esser de quelque man&re que 
ce soit k aucune activity entrant en concurrence ou en conflit d'intgtfts avec les activity de la 
Social. 

5.2 Dans le cadre de ses fonctions salaries, Gerard Vanacker pourra condore tout accord 
engageant la Soci6t£ en conformity avec la politique et les directives arrStfes par le conseil 
d'administiatlon de la Societd, 

5.3 Toute publication ou communication de Gerard Vanacker concemant les activity ou 
les int&€ts de la Soci€t6 devront ftre pr&lablement autoris€s par le Pr&ident du Conseil 
d'administration, sauf publication ou communication concemant la promotion des vemes de 
la Soci£t6 ou les fonctions habituelles de Gerard Vanacker. 

Arttetg 6- Efoungraftoq 

6,1 La Soci$t$ versera k Gerard Vanacker un salaire de base annuel brut de six cent mi lie 
(600,000) francs, payable en douze roensualitfe i terme 6chu. 
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62 La Societe procedera annuellernent d une evaluation des resultats de Gerard Vanacker 
et pourra envisager de proceder i des augmentations de saJaire liees auxdits resultats, k 
chaque date anniversaire du present contrat. Nonobstant toute disposition contraire du present 
contrat, ii est expressement convenu que tout bonus, prime, commission, literals ou autre 
paiement s'ajoutant aux remunerations du present Article 6 ne sera pas consider comrae un 
element de salaire que Gerard Vanacker serait contractuellement en droit de recevoir, mais 
comme une liberalite que !a Society se reserve le droit de cesser ou reviser & tout moment et & 
sa seule discretion. 

6.4 La remuneration de Gerard Vanacker a ixi convcnue sur la base d'un horaire 
hebdoraadaire de 39 heures, Toutefois, U est entendu que ladite remuneration tient compte de 
la nature des fonctions et responsabilites qui lui sont confiees et restera independante du 
temps quil consacrera de fait, It Ifexercice de ses fonctions. 

Article 7- Cqjif^s pfryfo 

Gerard Vanacker benefiriera des conges prevus par la loi et la Convention Collective, dont 
repoque sera deterrainee par accord entre la Societe et Gerard Vanacker, compte temi des 
necessites du service. 

* 

Article 8 - Maladte 

En cas dlncapacite de travail par suite de maladie ou d'acddent, Gerard Vanacker doit avertir 
la Direction d£s le debut du premier jour ouvrable de son incapacite en remettant un certificat 
medical au service du personnel de la Societe. La Societe se reserve le droit de faire proceder 
h une contre-visite par un medecin de son choix. 

Article 9 - Frais 

Dans le respect des rfegles en vigueur au sein de la Societe, Gerard Vanacker sera rembourse, 
sur presentation de justificatifs, de toutes ses depenses professionnelles, y compris les frais 
de dgplacement exposes dans le cadre de ses fonctions au sein de la Societe. 

Article 1(1 Secret - Confidential 

10,1 Gerard Vanacker reconnatt que les activates de la Societe sont basees sur un travail 
specialise et un savoir-faire specifique, et que des informations confidentielles lui seront 
communiquees dans le cadre du present contrat Le terme ^Informations Confidentielles* 
signifie toutes informations qui ne sont pas connues du public, concemant les activites de la 
Societe, y compris, sans limitation, tous plans, proced£s de production, specifications de 
produits et formules, methodes, bulletins techniques et bulletins produits, toutes donnees 
concemant les equipements vendus ou faisant 1'objet de prestations de service, ainsi que les 
etudes, programmes de recherche et developpement, correspondences, listes de clients, noms 
des clients ou prospectus, rapports de vente et informations fmanci&res. 



10J2 Gfcrard Vanacker s'engage, tant pendant la dur£e de ses foncrions au sein de la Soci6t6 
qu'aprte leur cessation pour quelque raison que ce soit, I conserver la confidential^ la plus 
stricte sur les Informations Confidentieiles ri a ne pas les utilise^ ni les communiquer h un 
tiers, personne physique ou morale, sans l'accord pr6aJable et 6crU de la Soci£t& 

Gerard Vanacker slntcrdit, pendant une p6riode d*un (1) an (renouvelable ime fois) & compter 
de Ja cessation de son contrat de travail au sein de la Soci&6, pour quelque motif que ce soit: 

(a) a ne pas mener directement ou indirectement, seul ou de concert, corame 
dirigeant ou prtposS de toute autre personne morale ou physique, une activity 
concurrente h celle de la Soci6t6, sans le consentement Soit et prfalable de la 
Soci6t6. Par Itailisation du terme ''mener 11 , on entcnd toute activity dans laquelle 
il serait engage, int6ress£ ou plus g£n£ralement imp]iqu& Par "activity 
concurrente", il faut entendre, toute activity dans le domaine des implants et dcs 
instruments rachidiens. 

i 

(b) En contrepartie de lbbligatloa de non-concurrence d-dessus et amformSment 
aux dispositions de la Convention Collective, Monsieur Gerard Vanacker 
percevra, aprfcs la cessation effective de son contrat de travail et pendant toute la 
dur^e de cette interdiction, une indemnity mensuelle Sgale i cinq dixifemes de la 
moyenne mensuelle des appointements et des avantages et gratifications 
contractual dont Gerard Vanacker a b€t\6fici6 au cours de ses douze dernieis 
mois de presence dans la Sod&& 

(c) La Soci6t£ pourra cependam renoncer au b€n£fice de Ibbligation de non 
concurrence visde plus haut ~ et par lfc-ra&ne se d^gager du paiement de 
llndemnit6 pr€vue en contrepartie - sous r&erve de notifier cette decision & 
Monsieur Gerard Vanacker par lettre recommand6e avec accusg de reception dans 
les huit jours qui suivcnt la notification de la rupture du contrat de travail, 

(d) En cas de non-respect de la pr&ente clause de non-concurrence par Monsieur 
G6rard Vanacker, la Soci&6 se r&erve le droit de le poursuivre en rembouisement 
du prejudice effectivement subl et de feire ordonner sous astrdnte la cessation de 
Ikctivitg concurrentielle. 

Artfde 12 - Non-soffidtation « Non-dflbanchage 

Nonobstant toute autre stipulation du present contrat, Monsieur G6rard Vanacker s'engage par 
ailleurs pendant une durtie de deux ans k compter de la r^siliation du present contrat : 

(a) k ne pas d&narcher, pour tout produit ou service susceptible de faire concurrence 
aux produits de la Sod£t£ t la dientSle de la Sod6t€ ou de ses soctetfe affiltees ; 



(b) £ ne pas traiter pour ces produits ou services avec toute persomie physique ou 
morale qui aura &6 le client de la Societe ou de ses sotiitte affixes & queique 
moment que ce soit pendant les deux (2) ann6es pr6c6dant le depart effectif de 
Gerard Vanacker de la Societe ; 

(c) & ne pas employer les personnes qui etaient employees par la Societe dans Uannee 
precedent la resiliation du present contrat, ni les faire employer par toutes autres 
personnes, etabiissements, soci6t& par lesquels U pourrait etre employe, ou 
auxquels il pourrait Stre directement ou indirectement interest, et k ne pas 
utiliser son influence sur toute personne employee par ia Societe dans le but de lui 
suggfirer ou de la persuader de quitter son poste. 

Article 13 - Droits de propria intellecfaelle et/oa tndratrfelfe 

Si, conform&nent aux dispositions de la Convention Collective, dans Texercice de ses 
fonctions, qui comportent une mission inventive -ce dont U a 6t6 tenu corapte dans la 
determination de sa remuneration- Gerard Vanacker rfialisait une invention brevetable ou 
non, cr6ait des dessins, modules, methodes, programmes,, fbrmules ou precedes ayant trait 
aux activitfe, projets ou rechen&es de la Social et susceptibles d'etre proteges, les droits de 
propriety intellecrueile ou industrielle appartiendraf ent k la Societe de plein droit. 

Toutefois, si une invention dont Gerard Vanacker serait I'auteur dans le cadre de ses fonctions 
pr^sentait pour la Societe un intent exceptionnel dont Importance serait sans commune 
mesure avec le salaire de Tinventeur, celui-ci se verrait attribuer aprfcs la deiivrance du brevet, 
une remuneration supplemental pouvant prendre la forme d*une prime globale versee en une 
ou plusieurs fois. 

Toutefois, Si Gerard Vanacker rdalisait une invention ou une creation visee d-dessus sans le 
concours de la Societe, et n'ayant trait ni aux activites, ni aux etudes ou recherches de la 
Societe, les droits de propriete intellecrueile ou industrielle en resultant appartiendraient a 
Gerard Vanacker. 

Article 14 - RfeUiaflon 

En cas de resiliation ou de suspension du present contrat pour queique raison que ce soit 
(demission, licenciement, depart en xetraite, conge-raaladie superieur & rrois mois civils, eta), 
Gerard Vanacker remettra i la Societe, lors de son depart de la Societe et quelle que soit la 
duree du present contrat, tous documents, notes, rapports, comptes-rendus, dessins, listes, 
cartes de credit et correspondences, y compris toutes copies, ainsi que tout materiel, supports 
informadques ou eiectroniques, equipement et vehicule de fonctions, qui demeureront & tout 
moment la propriete de la Societe. 



tfTEXTEStfSXIUlSAM 



Article 15 - Loi applicable 

Le present contrat est soumis au droit fhm^ais. 
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En double exemplaire, 1e IL j^tUi jl999. & Paris 



La. lX ^|U^M. 



SpineVlsion repr&entSTpar 
Madame Sarah Sorrel-Dqerine 
en sa quality de President do Consefl d'administratioTi ; 



G&ard VANACKE 




< 

* les signatures doivent etre prtc&tees de la mention marwcrite «Lu et approuv6» ; 
chaque page doit Stre paraphie par les deux parties. 
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Paris, October 26, 2006 

Cabinet Versini-Campinchi & AssocMs 

Monsieur Alexandre MerveiJle 

Avocat a la Cour 

4, rue de la Tour des Dames 

75009 Paris 

Bv Courier 

OffcialLetter 

Re: Spinevision / Vanacker 

Dear Colleague: 

Enclosed are the documents (powers of attorney and transfer deed) which must be signed, 
notably, by your client, Mr, Gerard Vanacker, so that the following patents may be 
registered with the requisite authorities in the United States: 

- Exploration device for monitoring the penetration of an instrument into an 
anatomical structure; 

- Device for following the penetration of an instrument in an anatomical 
structure; 

- Device for monitoring the penetration of an instrument into an anatomical 
structure; 

Please return them to us as soon as possible. 

In the event that your client does not agree to execute these documents, please notify us 
as soon as possible. 

Please do not hesitate to let us know if you need any additional information. 
Sincerely, ■ 

Yasmine Tarasewicz / Beatrice Pola 
Attorneys At Law 

PJ. 

C.C.: Soci^ Spinevision 
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PROSKAUER ROSE 

AvocatsauBarrsoutfoPffits 



3r4,A^Saht-Honort 
75001 Pads. Franco 
Tdfcphane 33.1.53,05.60.00 
Fax 33.1 .53.03,6OJ0$ 
Palais J043 



NEW YORK 
108 ANGELES 
WASH5NGTTW 
SOCA RATON 
805TCN 
NEWARK 



Paris, le 26 octobre 2006 



Cabinet Versini-Campinchi & Assoctes 
Monsieur Alexandre Merveille 
Avocai & la Cour 
4, rue de la Tour des Dames 
75009 Paris 

■ 

A 

Par porteur 
Lettre offldeUe 



Objet : Soinevison / Vanackei 



Cher Confrere, 



Vous txouverez ci-aprfcs les documents (pouvoirs et cessions) qui doivent Sties sign&, notamment 
par votre client, Monsieur CMrard Vanacker, afin que les brevets : 

■ 

- Exploration device for monitoring the penetration of an instrument into an anatomical 
structure ; 

- Device for following the penetration of an instrument in an anatomical structure ; 

- Device for monitoring the penetration of an instrument into an anatomical structure ; 
soient d£pos& devant les autoritfe requises aux Etats-Unis. 

Nous vous remercions de bien voulou: nous retoumer rapidement ces derniers. 

Dans l'faypothfese oil votre client n'entendrait pas proc&Jer 4 ces signatures, nous vous remercions 
de bien voulour nous le prfciser en retour. 
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Nous restons bien entendu k votre entire disposition pour tout renseigneraent compldraentaire que 
vous pourriez souhaiter. 

Nous vbus prions de nous croiie, Cher Confrere, 
Vos bien <tevou&s. 





Yasraine Tajasewicz / Beatrice Pola 
Avflcats k la Cour 



C,C : Soci&S Spinevision 



Qrwjpemant de <froft Stranger. 
Mambra tfuna association agMde. U rfcgtemenldos honorates par cheque est accept. 
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Attorney Docket Na BDM-06-1214 

□ Otiftfsal Anolication 
S PCT National Application 

U.S. Designated Office 

O CoctincaiiojQ 01 Divisional Application 
D Conticuatiou-in-Pait Application 



COMBINED DECLARATION, 
POWER OF ATTORNEY AND PETITION 



Aa a below named irirator, I hereby declare that 
My residence, pest office address and citizenship are as 



d below new to nry name, 



I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if 
plnral names are fisted below) of the subject matter which is claimed and for which a patent is sought on the invention 

entitled DEVICE FOR MOTORING THE PENETRATION OF AN INSTRUMENT INTO AN 
ANATOMICAL STRUC 

D which is described in me specification and claims 

O attached hereto. 

O filed on 



Application Serial No. 



and was 
which is described in h 



:» i«t-iit»t.. « 



on 



alAppli 

aedFetoarvU.^and as amended on 



(if appUccble) 

No. maw/wio 



.(tfany), 



which 1 have reviewed and for which I solicit a United States patent 

the contents of the above-identified specification, including the claims, as 












I hereby state that I have reviewed and 
amended by any amendment reflated to above. 



^^^^^ fafaty to disclose information which is material to patwtabJHiy as defined in 37 GFJL §1.56, including for 
c^ntrmtation-ig^patt appitatfons, material information which became available between the filing date of the prior 
application and the national or PCT international filing date of the contkmtio^fn^art application. 
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\7t 


*T3« 



Attorney Docket No, BDM-06-1214 
y claim foreign priority benefits under Tide 35, United States Code, §U9(aH^ or §365{b) of any foreign 



application© for patent or inventor's certificate, or §365(a) of any PCT International Application which designated at least 
one country other than (he United States of America, listed below and nave also identified below any foreign application^) 
for patent or inventor's certificate or of any PCT International Application having a filing date before that of the application 
on which priority is claimed: 



1 Number 


Country 


Date c^f Filing 
(day^monih,year) 


Priority Claimed 


0401352 


France 


11 February 2004 


OH yes □ no 








□ yes dno 








□ yes Dno 








D yea Dno 


; 






□ yes Dno | 



I hereby claim the benefit under Title 35, Uriicd States Code, §119(e) or $120 (as applicable) of any United States 
appHcatton{s) or {365(c) of any PCT I nftmaH or tfi l Application designating the United States of America, listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed In the prior United States or PCT 
International Application^) in the manner provided by the first paragraph of Title 35, United States Code, § 1 12: 



(Application Serial No.) 



(Filing Date) 



(Status) (patented, pendmg,abandoned) 



(Application Serial No.) 



(Filing Date) 



($tatus)(paiented,pendmg, abandoned) 



POWER OF ATTORNEY: As a named rrrventor, thereby ajmotnt the following registered attorneys to prosecute this 
application and transact all business in the United States Patent and Trademark Office connected therewith: 



T. Daniel Ch 
Paul A. Tauter 
Thomas J. Durhng 
Darius C Qaaribino 
WilHam F.Lang 
PaulCarango 



ry Reg. No, 31,750 
Reg. No. 35,703 
Reg. No. 31,349 
Reg. No, 41,472 
Keg. No. 41,928 
Reg. No. 42^8$ 



Steven A. Nash 
Andrew A. Noble 
Thornas & Manctni 
Richard L, Cruz 
William L. Bartow 



Reg. Na 45,507 
Reg. No. 48,651 
Reg. No. 50,157 
Reg. No. 5 2,783 
Reg. No. 54,981 



SEND CORRESPONDENCE TO: 

Customer No. 035811, whose contact information la: 

IP Oroup of DLA Piper Radnick Gray Gary US LLP 

One liberty Place, Suite 4900 

1650 Market Street 

Philadelphia, PA 19103 



DIRECT TELEPHONE CALLS TO 
ATTORNBY OF RECORD AT: 

(215) 656-3300 
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Attorney Docket No. BDM-06-1 214 

I hereby petition for grant of a United States Letters Patent on this invention. 



*tmti mm*;*)! 



I hereby declare that all statements made herein of my own knowledge are true and mat aO statements made on a 
and belief are believed to be true; and former mat these statements were made with the knowledge mat willful ftlse 
statements and the like so made a$e punishable by fine or urnnisoamcn^ or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the application or say patent issued thereon. 



I. ROXKAIIBQPSOtaOftlXSSriMVEMTOft 

Maurice Bourlion 



OATB 



Saint-ChamcnA France 



CBtZENSBD 

Franca 



post ofrcb apotbss 

9 roe Jean Vincent, M2400 Sajnt-Chamond, France 



t fULl.Kfc^0?J08fr INVENTUS, IP AMY 

Cerard Vanacker 



DATE 



1 ? B3 ^tiNCB * 

| Tibuma, California, U.S.A 




UJUUOUIP 

Trance 




■ f fQSTCmCBADD&ESS 

1 4131 Paradise Drive, US- 94920 Tiburor^ California, U.S.A. 


1 Dominique Petit 


IKVEKTOX-SSJOKATTOE 


OATB 


f VertcnL Franee 


France ] 


1 fmj QPP1CB AJDXFK2S3 

1 * 1 

1 2 rue des Peelers, F-621 80 Verton, frzacc J 


| 4. VUULHAMB OP ACIinOJUL JOINT INVENTOR CTAffY 

1 


INVENTORY ElCHATtttB 


DATE ] 


1 KE$UNDtC8 
1 


crruEMuap I 


j POST OFFICE ADBXE53 I 




Mvsmnei shsmatvub 


BATE | 


J RSS3UHNCS 


CmZEHSJO i 


I PC3TOPPIC8 AOOfltBSS 1 


I*— — ^1 




DATE I 






1 fOST 077KB AUDXESS | 




■— — * i 


DATE J 




ci ntocstnp * * 


PQCTUFP8CBAOC8BS3 j 



BDM-06-1214 



ASSIGNMENT 



WHEREAS, we, Maurice Bourlion, Gerard Vanacfcer and Dominique Petit, citizens of 
France, residing at 9 me Jean Vincent, F-42400 Safot-Chamond, France; 4131 Pmdise Drive. 
us-94^TiW^c a iifomi a ,u.sji. and 2 rue des Peupliers, F-62180 Verton, France, respectively, 
(hereinafter referred to as "the undersigned"), having made an invention entitled DEVICE FOR 
MONITORING THE PENETRATION OF AN INSTRUMENT INTO AN ANATOMICAL 
STRUCTURE for which on the date set forth below, unless otherwise indicated here, 
> the undersigned executed an application for United States Letters Pi 



WHEREAS, Spinevisitra. a corporation of France, with offices at 180 avenue Daumesnil, V- 
75012 Paris, France (hereinafter refenred to as "assignee"), is desirous of acquiring the entire right, 
title and interest hi said invention, said application and all tetters patent issuing for said invention, 

NOW, THEREFORE, in consideration of One Dollar ($ 1 .00) and of other good and valuable 
consideration, receipt of which is hereby acknowledged, the undersigned, intending to be legally 
bound, does hereby sell, assign and transfer to the assignee the entire right, title and interest, for the 



invention, including said patent application, all divisL^ 
claim priority based thereon, all rights to file foreign appli 







w 


1 



•*sur»ii 



reissues 
all foreign countries. 



if; issuing for said 



ations thereof; all rights to 
3 on said invention, and all letters 
d States of America and in any and 



It is agreed that the undersigned shall be legally bound, upon request of the assignee, or its 
successors or assigns or a legal representative thereof, to supply all information and evidence of 
which the undersigned has knowledge or possession, relating to the making and practice of said 
invention, to testify in any legal proceeding relating thereto, to execute all instruments proper to 
patent the invention in the United States of America and foreign countries in the name of the 
assignee, and to execute all instruments proper to cany out die intent of tins instrument If the 
undersigned includes more than one individual, these obligations shall apply to all ofthe undenmmed 
both individually and collectively. ' 



The rights and property herein conveyed 
encumbrance. 



EXECUTED on 



.20. at 



Maurice Bourlion 



Gerard Vanacker 



Domhrioue Petit 



Witness 



(oC 




M 128293 



-.V 



O Normal 



I CACHET OBLIGATOTRF. : 



QUtgent 



ADHE5SB t 75001 Farfr, BafflSS 



O* ;407?13W f W3l 



Dcnaafear; 



PROSKAUER ROSE LLP 

374 fu« Saint-Honor* 

75001 Paris, France 
T<L : 0 1 S3 05 60 00 . fa : Of 53 OS 60 OS 
Slrotn*: 407 913 847 000S1 



PESX^ATMRS 



>^» nm ii« Hl iiii 



NOM/SOC3ETE: Q&uat Vfrrfri ,'. ,. 
ADRESSEu M- euua ^« id Thrri 

fflfll M fca 



l^Ueet code postal: — >Crv»g» PQ^jS 



rcr. rtr , flmifiM*, frfr^*^**, Iff 




Kenre de Bmlsan : 



Facturer i?« 

Observations: 



Nomhrc <fe bons. 
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Paris, November 28, 2006 



Cabinet Versini-Campinehi & Associ& 
Monsieur Alexandre Merveille 
Avocat & la Cour 
4, rae de la Tour des Dames 
75009 Paris 



Registered Letter 
Qfliclat letter 
Re; Spinevision / Vanacker 
Dear Colleague: 

We have sent you a letter on October 26, 2006, to which we have received no response. 

We now ask that you convey to your client, Mr. Gerard Vanacker, the three powers of 
attorneys and the three transfer deeds pertaining to the three patents, all of which are 
documents he must sign. 

Hereinafter is a new copy of the elements, as well as the complementary documents for 
each of the patents (a copy of the texts filed at the U.S. Patent Office at the national level 
for a request for a PCT patent Cooperation Traite) patent. Thus, 

1 . With regard to the patent for "Exploration device for monitoring the 
penetration of an instrument into an anatomical structure/* the copies of the 
following are enclosed: 
au The power of attorney 

b. The transfer deed 

c. The French text for the international request for a PCT patent 
N°PCT/FR2005/000338; 

A The English text of the U«S, phase of die request for a PCT patent 

N°PCT/FR2005/000338; 
e. The modified text of fee request for a PCT patent pursuant to the 

requirements of the U.S. Patent Office (Clean Copy), 



2. With regard to the patent for 'Device for following the penetration of an 
instrument in an anatomical structure," copies of the following are enclosed; 

a. The power of attorney 

b. The transfer deed 

c. The French text for the international request for a PCT patent 
N°PCT/FR2005/000873; 

A The English text of the U S- phase of the request for a PCT patent 
N°PCT/FR2005/000873; 
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e. The modified text of the request for a PCT patent pursuant to the 
requirements of the U.S. Patent Office (Clean Copy). 

3. With regard to the patent for 'Device for monitoring the penetration of an 
instrument into an anatomical structure,** copies of the following are enclosed 

a. The power of attorney 

b. The transfer deed 

c. The French text for the international request for a PCT patent 
N°PCT/FR2005/000340; 

<L The English text of the U.S. phase of the request for a PCT patent 

N°PCT/FR2005/000340; 
e. The modified text of the request for a PCT patent pursuant to the 

requirements of the U.S. Patent Office (Clean Copy). 

Please inform us within a week as to the intentions of your client 

In the absence of a response, we will conclude that your client does not intend to 
associate himself with the three entry national phases in the United States for the PCT 
patents filed under the following mimbeis PCT/FR2005/000340, PCT/FR2005/000338 
and PCT/FR2005/000873 before the U.S. Patent Office. 

Sincerely, 

Beatrice Pola 
Attorney At Law 

PJ. 



C.C.: Soci6t£ Spinevision 



PROSKAUER ROSE 



AvocatS8tt8afreau<to Paris 



374,maSairt-Honof6 
75001 Parts, Franco 

T6»phone33.1^lO5jB0.00 
Pax33.15lO5.6O.05 
Palais JM3 



HEV/YORX 
103 ANGELES 
VUSHXGTOf 
BOCA RATON 
BOSTON 



Paris, le 28 novembre 2006 



Cabinet V^rsim-Cainpinchi & Assoctes 
Monsieur Alexandre Merveille 
Avocat k ia Cour 
4, rue de la Tour des Dames 
75009 Paris 



LETTRERECOMMANDEEAR 



LettreLofHdelU 



Obiet ; Sninevison / Vanaclrer 



Cher Confrere, 



Hons vous avians adress<$ Ie 26 octobre couxant nne correspondance qui, k ce jour, est restfe sans 
reponse, 

Daiw cette demiere, nous vous demandions de bien vouloir tamsmettre a votre client Monsieur 
Gerard Vanacker Ies trois pouvoirs et les trois cessions relatifi a trois brevets, documents ou'il 
devait signer. 

Vous trouverez ci-apres une nouveUe copie de ces elements ainsi que pour chacun des brevets des 
documents complementaires (copie des textes depots a 1'office amencain des brevets pour la 
phase rationale de la demande de brevet PCT (Patent Cooperation Traite)). Ainsi, 

/. S'agissant du brevet : "Exploration device for monitoring the penetration of an instrument 
into anatomical structure", vous trouverez ci-apres copies : 

x 

- du powoir, 

- de Tacte de cession, 

• du texte franpais de la demande Internationale de brevet PCT 
N°PCT/FR20G5/000338 ; 

• dn texte anglais de la phase nationale am&icaine de la demande de brevet 
PCT N°PCT/FR2005/000338 ; 

- du texte modifiS de la demande de brevet PCT qui rtSpond aux exigences de 
Toffice amdricain de <Kpdt des brevets (Clean Copy). 
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2. S'agissant du brevet : "Device for following the penetration of an instrument in an 
anatomical structure " vous trouverez ci-aprfes copies : 

- du pouvoir, 

- de Facte de cession, 

- du texte franjais de la demande internationale de brevet PCT 
N°PCT/f R2005/000873 ; 

- du texte anglais de la phase nationale ami ricaine de la demande de brevet 
PCTN°PCT/FR2005/000873 ; 

~ du texte mddifte de la demande de brevet PCT qui repond aux exigences de 
Poffice amdricain de ddpdt des brevets (Clean Copy). 

3. S'agissant du brevet : "Device for monitoring the penetration of an instrument into an 
anatomical structure " vous trouverez ci-aprfes copies : 

- du pouvoir, 

- de Facte de cession, 

- texte franjais de la demande Internationale de brevet PCT 
N°PCT/FR2005/000340 ; 

- texte anglais de la phase nationale am&icaine de la demande de brevet 
PCT N°PCT/FR2005/000340 ; 

- texte modifig de la demande de brevet PCT qui rdpond aux exigences de 
Poffice am&icain de d£p6t des brevets (Clean Copy), 

M. 

. vous remercie de bien vouloir nous fixer sous huitaine sur les intentions de votre client 

A dtfaut de rfponse, j'en conclurai que votre client n'entend pas s'associer aux trois entr&s en 
phase nationale aux Etats-Unis des demandes de brevets PCT ddpos&s sous les num&os 
PCM2005/000340, PCT/FR2005/000338 et PCT/FR2005/000873 zuprbs de Poffice am&icain 
des brevets. 



Je vous prie de me crake, Cher Confitre* 
Votre bien d6vou£e. 



C.C. : SociS ti Spinevislon 




ola 
laCour 



Groupemeni de droit Stranger, 
Membra <fime association agraea. La rdglement des honoralras par cr^ue est accepte. 
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Attorney Docket No, BDM-06-1214 

D Original Application 
B PCT National Application 

VS. Designated Office 

□ Ccmtincation or Divisional Application 

□ Cocdmmion-ln-VQit Application 



COMBINED DECLARATION, 
POWER OF ATTORNEY AND PETITION 



Aa a below named inventor, J hereby deckie that 

My residence, post officio address and citizenship ere as stated below next to my name, 
I believe I am t!» originaJ, fio^ 

pfcm*l names are listed below) ot the subject matter which is claimed and fox which a patent is sought on the invention 

I^M^F 0 ^ 0 188 PENETRATION OF AN INSTRUMENT INTO AN 
ANATOMICAL STRUCTURE 

□ which is described in the specification and clan 

□ attached hereto. 
D filed on 



Application Serial No. 
and was amended on 



(if applicable 

m which is described in mtemattoal AralicattaNa FCT/FR2QQ5/00034Q 
filed February 11. 2005 aad^ayn^^H mi 



Xtfany), 



whkh I have reviewed and &r which I solicit a United States patent 



I Bemby state that I have xeviewed and understand the contents of the above-identified sped&Mtkm, including the claims, as 
amended by any amendment rcferted to above. 

I acknowledge the doty to disclose information which is material to patentability as defined m 37 CPJl. a HA r<» 







m 









winch became available between the filing date of the pri* 
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Attorney Docket No. BDM-06- 1214 

I hereby claim foreign priority benefits under Hue 35. United States Code, §U9(aHd) ox §365(b) of any foreign 
application® for patent or inventor's certificate, or §3*5(a) of any PCT Tnfrroational Application which designated at least 
©no country other man the United States of America, listed below and have also Identified below any foreign application^) 
for patent or inventor's certificate or of any PCT International Application having a filing date before that of the application 
on which priority is claimed: rr 



Number 



Date of Filing 
(da yr rnonu\Ycar) 



Priority Claimed 



0401362 



France 



11 February 2004 



S yes 


□ no 


□ yes 




□ yea 




□ yes 




□ yes 


□ no 



I cotby claim the benefit under Tine 35, IMed Slates Code, § 119(e) or §120 (as applicable) of any United States 
applications) or «3<S5(c) of any PCT International Application designating the United States of America, listed below and 
teotarj* the snbje* 

fctenational Application^) in the manner provided by u» first jiaragrapb of Title 35, United States Code, } ! ! 2: 



(AppHcctbn&HalNo.) (FOngDate) (StatusXpaimted^n^abandon^ 



(Application Serial No.) ' (FUing Date) (Statns)(patented^din^abarJoned) 



!22S M * mycator - 1 hmb y W** me following registered attorneys to prosecute this 

application and transact all business in the United States Patent and Tta^anark Office connected therewiih; 



T. Darnel Omstenbury Reg. Na 31,750 
Paul A- Tauter Keg. No. 35,703 



Thomas I Dnriing 
Darras C Gaanbino 
William F.Lang 
PauICarango 



Reg. No. 31^49 
Hog, Na 41,472 
Reg. No. 41,923 
Reg, No. 42^86 



Steven A. Nash 
Andrew A* Noble 
Thomas It Martcin 
R ich a r d L. Ones 
WllUamJU Bartow 



Reg. Na 45,507 
Reg. No. 48,651 
Reg. Na 50,157 
Reg. Na 52,783 
Reg. No. 54,981 



SEND CORRESPONDENCE TO: 

Customer No, 035H11, whose contact fnionnatian is: 

IP Group of DLA P^er Rndnlefe Gray Cary USLLP 

One Liberty Place, Suifa 4900 

1650 Market Street 

Philadelphia, PA 19103 



DIRECT TELEPHONE CALLS TO 
ATTORNBY OF RECORD AT: 

(215)«5£33O0 



asaotwmt 



COMBINED DECLARATION, POWER OF ATTORNEY AND PETITION 

Attorney Docket No. BDM-05-1214 

I hereby petition for grant of a United Stated Letters Patent on this mventioa. 

1 hereby declare that all statements made herein of my own knowledge are true and that all statements made on m&rrnation 
and belief are believed to be trpe; and anther that these statements were made with the knowledge that willful mlse 
staletnenta and the like so made arc 18 of the United 

States <^ and that siu&wittn^ 



I i RaxKAuacf JoacanMT&iVEwoa 
1 Maurice Bonbon 




DATB 


1 R&SIB&'JCB 

1 Sainf -Chamond, Franco 


CfflZENSBff 




j yuarwxhACOBHg 




* 




1 Gerard Vgnflcftfr , 


wvsHrorsaoxATOiB H 


OATS A 


Tfogofl, California, USA 


c&scbnssov 
Prance 



4131 Paradise Dm*, US- 94920 Titomat, California. USA. 



X FULL KMC C/ AOCmOMAi.iHKTIHVBKnJ|,ffANy 

Dominique Pctft 



s»ua 



IfMiubM ^w, 



France 



2 roe deflPecpHera,P-62180 Verton, France 



DATS 



1 fOU.tUM80?AimmeNUJOOTD?VEh^^ 



«VBNTorssioiAjTjaa 



OAXB 



& imKMaOTjjDomoKAuo^ 



onnwrors susttxnaa 
cmzaNsazp 



MSTOnPICBADOUSS 
7. R&l KAM3 C7ADDJTWKAL JOINT WYENTOfl. IP A>Tf . 



KSSB88WC8 



BJYHNVOVS SWWATU1B 



( 



BDM-06-1214 



ASSIGNMENT 



WHEREAS, we, Maurice Bourbon, Gerard Vanacker and Dominique Petit, citizens of 
France, reading at 9 rue Jean Vincent, F-42400 Saint-Chamond, Franca 4ui lUdise Drive. 
^m-m^cm^v^ and 2 rue des Peopliers, F-<S2180 Verton, France, respectively. 
K^m^ 1 ^ ^"rS^S^f } ' ^5 ^ an invention entitled DEVICE FOR 
S™^ D G f IHE .J? ,ffiTR f rr 9 N 0F ^ INSTRUMENT INTO AN ANATOMICAL 
aTRUCTURB for which on the data set forth below, unless otherwise indicated here, 
— , the undersigned executed an application for United States Letters Patent, 

„_,_ WHEREAS, Spinevision. a corporation of France, with offices at 180 avenue DaumesmL F- 
75012 Pans, France (hereinafter referred to as "assignee"), is desirous of acquiring the entirerirfit 
title and interest m said invention, said application and all fetters patent issuing for said invention! 

NOW, THEREFORE, in consideration of One Dollar ($1.00) and of other good and valuable 
re ?fP t o f is hereby acknowledged, the undersigned, ktenduVg to be legally 
bound, does hereby sell, assign and transfer to the assignee the entire right, title and interest, forthe 
United States of America, its temtones and possessions, and for all foreign countries, in said 
invention, including said patent application, all divisions and continuations thereof, all rights to 
clann pnonty based thereon, all rights to file foreign applications on said invention, and all letters 
patent and reissues thereof; issuing for said invention in the United States of America and in anv and 
all foreign countries. J 



agreed 



lt|[ff>taci 



- . -- Jgaod shall be legally bound, upon request of the assignee, or its 

SS^,^SL°l * W to supply all information aSce of 

^Sf^ bM t ^^ or possession relating to the making and practice of said 
inv™*™ to testify in any legal proceeding relating thereto, to execute all instruments proper to 

the Umted States of America and foreign countries in the name of the 
2 - " PF 0 ^. to CS F S ? °^ *° tozti of this instrument If the 

igned 



it 



ersigned includes more WM 

both individually and collectively. 









*» 



& shall apply to all ofthe 



ine ngras ana property Herein conveyed by die underste 
encumbrance. " 



EXECUTED on 



^ 20__^ at 



Maurice Bourlion 



Gerard Vanacker 
Dominique Petit 




Witness 
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0ISPOSIIIF POUR LB SUIVI OS LA PENETRATION D'UN INSTRUMENT 

DANS UNE STRUCTURE ANATOMIQUE 

# 

* 

La prSsente invention concexne le domaine de la 
5 chirurgie rachidienne, et plus particuliSrement le suivi des 
instruments de pfinfitration au cours des operations de 
pergage vertebral, cervical, thoracigue, lombaire, sacr6 ou 
ilio sacrfi. 

10 L'art anterieur connait deja des dispoaitifs 

permettant le auivi de la penetration d'un instrument dans 
une structure anatomigue, en particulier une structure 
osseuse. 

On connait le brevet europeen EP0607688 ddcrivant une 
15 procedure et un aysteme d' insertion d'une via vertebrale 
pediculalre, consistant a appliguer un potentiel electrique 
a la surface de la cavity, et & observer les reactions 
aiusculairea provoguees par cette stimulation. 

On connait egalement tone solution consistant a mesurer 
20 la modification d» impedance dans la region voisine de la 
cavite osseuse exploree, a l'aide d'une sonde presentant une 
electrode venant en contact avec la paroi de la cavite 
osseuse, et une deuxieme electrode places sur le patient. Le 
but est de detecter des breches dans la matiere osseuse, par 
25 exemple lors d'une operation de preparation de la pose d'une 
vis pSdiculaire dans una vertebre, 

L ' information recueillie avec une telle solution est 
difficile a interpreter, car 1' impedance mesuree entre les 
deux electrodes est pert ur bee par des artefacts lies a la 
variation d • enf oncement de la sonde dans la cavite. Les 
resistivitds de l'air, des tissus musculaires, des tissus 
osseux et des breches sont diffexeates, et le signal mesure 
est une resultants de plusieurs paramatrea masguant en 
partie 1 • information utile correspondent au passage de 
35 1« electrode de la sonde a proximite d'une breche. 

» ■ 
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En outre , le dispositif propose reste peu pratique du 
fait qu'il est nficessaire d'effectuer prealablement un 
caXibrage (ref Stance li6e aux tissus mous). 

Bufin, un tel dispositif reste de manipulation peu 
ais£e du fait de la presence de cablages extemes . 

* 

Le but de l 1 invention eat de remSdier & ces 
inconvenients en proposant un dispositif ameiiore, dont le 
signal de sortie n'est pas perturbs par les variations dues 
& la profondeur d 'engagement de 1 ' instrument de penetration. 

La presente invention a egalement pour but de proposer 
un dispositif autonome, ne necessitant aucun cdblage 
externa • 

La presente invention a egalement pour but de proposer 

* » 

un dispositif of f rant des conditions de forage ameiiorees et 
s€curis€es en avertissant l'op&rateur de la formation de 
br&ches • 

& cet effet, 1* invention concerns selon son acception 
la plus gSnfirale un dispositif pour le suivi de la 
pSndtration d'un instrument dans una structure anatomique , 

en particulier una structure osseuse, comport ant una source 

« 

de tension alimentant au mo ins deux electrodes situ6e sur 
ledit instrument et un moyan de me sure de 1' impedance entre 
lesdites electrodes, et elle est remarquable en ce que 
lesdites electrodes sont situSes sur ledit instrument de 
penetration de fagon h presenter una surface de contact 
affleurante et constants en fonction du degrS d ' enf oncement 
dudit instrument de penetration dans ladite structure 
osseuse* 

Plus preclsement, la constance de la surface de 
contact des electrodes au cours de 1 ' enf oncement dudit 
instrument de penetration est obtenue de par les dimensions 
de ladite surface au regard des dimensions du trou forme 
dans la structure osseuse par ledit instrument de 
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penetration, ladita surface da contact devant presenter des 
dimensions inf6rieures k celles du trou forme par ledit 
instrument de penetration, 

Par la notion de « surface de contact », il doit done 
etre compris le fait que la surface affleurante des 
electrodes presents des dimensions inf Srieures aux 
dimensions du trou forme par ledit instrument de 
penetration. 

De preference , ledit dispositif comporte une electrode 
affleurant la surface distale dudit instrument de 
penetration. 

Par surface distale, on entend la surface de 
1'extremite distale dudit instrument de penetration. 

Selon una premiSre variante de 1' invention, ledit 
dispositif comporte deux electrodes affleurant la surface 
distale dudit instrument de penetration, lesdites electrodes 
etant disposees coaxialement at separees l'une de 1' autre 
par un isolant. 

Selon une variante de realisation de 1' invention, 
ledit dispositif comporte deux electrodes affleurant la 
surface distale dudit instrument de penetration, lesdites 
electrodes etant dispos6es l'une par rapport & 1' autre 
symetriquement par rapport k l'axe longitudinal dudit 
instrument de penetration. 

Selon une autre variante de realisation de 
1' invention, ledit dispositif comporte una pluralite 
d' electrodes affleurant la surface distale dudit instrument 
de penetration. 

Selon un mode de realisation avantageux de 
1' invention, ledit dispositif comporte au moins une 
electrode presentant une surface de contact affleurant 
lateralement ledit instrument de penetration. 

Avantageusement, ladite electrode au moins presente 
une surface de contact annulaire. 
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Avantageusement, ledit dispositif comporte au moins 
deux Electrodes presentant une surface de contact latdrale 
annulaire. 

Avantageusement, ledit dispositif . comporte une 
Electrode principale affleurant la surface distale dudit 
instrument de penetration ainsi qu'une pluralitfi 
d' Electrodes secondaires affleurant latdralement pour former 
des contacts annulaires espaces longitudinalement • 

Selon un mode de realisation prefere de 1' invention, 
ledit dispos itif comporte en outre des moyens de 
signalisation produisant un signal lors de la detection 
d'une variation de 1* impedance par ledit xnoyen de me sure. 

Avantageusement, le signal produit est un signal 
sonore dont la frequence et/ou la cadence diminue(nt) en 
fonction de 1' impedance mesurfie. De preference, la frequence 
et/ou la cadence diminue(nt) non lin^air exnent en fonction de 
1' impedance mesuree. 

Ainsi, lorsque ledit instrtmtent sort de la structure 
osseuse, le signal produit est un signal sonore aigue A 
cadence rapide ; lorsque ledit instrument pen&tre et reste 
dans la structure osseuse, le signal produit est un signal 
sonore grave A faible cadence, 

Avantageusement, ledit dispositif comporte un canal 
central pour le passage d'un instrument additionnel. 

•« 

L' invention sera mieux comprise A la lecture de la 
description qui suit, se rSfSrant aux figures annexees oft : 

les figures 1A et IB illustrent respectivement une 
vue en coupe frontale et une vue en coupe longitudinale d'un 
instrument de forage constituant un dispositif d 9 exploration 
de 1* invention ; 

la figure 2 illustre une vue en coupe frontale 
d'une premiere variante de realisation de 1' instrument de 
forage ; 
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la figure 3 illustre una representation graphique 
du signal sonore emis par le dispositif d ' exploration en 
f one tion de 1 ' impedance mesuree ; 

la figure 4 illustre une vue en coupe 
5 longitudinale d'une aeconde variante de realisation de 
1* instrument de forage ; 

la figure 5 illustre une vue en perspective d'une 
troisi&ne variante de realisation de 1' instrument de 
forage ; 

10 - la figure 6 illustre une vue en coupe 

longitudinale d'un instrument de penetration constitue d'un 
taraud ; et 

la figure 7 illustre une vue en coupe 
longitudinale de 1 ' instrument de penetration selon vine autre 
IS variation de 1< instrument de forage. 



Le dispositif selon !• invention est un dispositif 
permettant le suivi de la penetration d'un instrument dans 
lea structures osseuses d'un corps humain ou animal, 
20 lesdites structures presentant au mains deux zones 
d' impedance eiectrique differentes. 

Lesdites electrodes, situees sur ledit instrument de 
penetration (1), sont conf igurSes pour presenter une surface 
de contact restant constants au cours de la penetration 
25 dudit instrument de penetration. 

Lesdites electrodes sont reliees chacune a un 
generateur eiectrique deiivrant une tension alternative , 
lequel camprend un circuit de mesure de 1 B impedance entre 
les deux electrodes (impedancemdtre) . 
30 Aiusi, 1' impedance des tissus" pediculaires etant 

strictement superieure k celle des tissus musculaires, la 
detection d'une brSche se traduit par une diminution de 
1 • impedance • 

Ledit dispositif comporte en outre des moyens de 
35 signalisation produisant un signal specifique lors de la 
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detection t par 1 ' impedancemetre , d'une variation 
d' impedance , et done da la penetration de 1* instrument dans 
une zone de tissus mous (moelle, nerfs), pour former ainsi 
une br&che dans le cortex osseux. Lesdits moyens de 
5 signalisation consistent en l'&aission d'un signal visuel, 
tel <JU'«* t&aoin lumineux, d'un signal sonore, et/ou d'un 

* 

signal tactile (vibreur, ~). 

Un exemple prdf6r6 du principe de f onctionnement de la 
signalisation de la detection d'une brdche est decrit plus 
10 loin (figure 3). 

Dans la partie ci-apr&s, 1 ' instrument de. penetration 
consiste en un instrument de forage (1). Cependant les 
configurations presentees ci-deseous sont bien entendu 
15 applicables aux autres instruments de penetration 
(taraudage, curetage, spatulage, 

Les figures 1A et IB illustrent une premiere 
configuration de 1' instrument de forage (1) const ituant 
20 ledit dispositif d'exploration selon l'invention. 

Dans cette premiSre configuration, 1' instrument de 
forage (1) presente au niveau de son extremite di stale, deux 
electrodes (2, 3) de section circulaire et concentrigue , 
l'electrode (2) interieure etant separie de l'electrode (3) 
exterieure par una couronne d'isolant (4). 

l'electrode (2) " constitue, dans cet exemple de 
realisation, le pole positif dudit dispositif eiectronlgue, 
l'electrode (3) le pole negatif . II est bien entendu evident 
gu'il ne s'agit ici gue d'un example de realisation, et gue 
l'homme du metier pourra rSaliser un dispositif eiectronigue 
dont Is pdle positif sera constitue par l'electrode (3) et 
le pdle negatif par l'electrode (2) sans pour autant sortir 
de l'invention. 

Chague electrode (2, 3) est disposee de sorte a 
affleurer la surface distale dudit instrument de forage (1). 
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Afin d'eviter toute perturbation du signal, la surface • 

■ 

de 1' electrode (3) affleurant la surface dudit instrument de • 
forage (1) rests relativement petite par rapport aux 
dimensions du trou effectue dans le cortex osseux lors de I 
5 1' operation de forage. 



Lors de la penetration de 1' instrument (1) dans la 
structure osseuse, un signal est emis par lesdits moyens de 
signalisation lorsgu'une variation d' impedance mesuree entre 
lesdites electrodes (2, 3) est detectee 
1 ' imp^dancem&tre , indiguant la formation d'une breche 

& cet instant/ le praticien est inform^ que 
1' extremity de 1' instrument de forage (1) vient de sortir du 
cortex osseux pour pSnetrer dans une zone de tissus mous. Le 
praticien, s(U le souhaite, modifie alors la trajectoire de 
1' instrument de forage (1) de sorte a revenir dans le cortex 
osseux. 



20 



25 



30 



35 



2 il lustre 
forage (1) 



une seconde 
constituent 



configuration de 
ledit dispositif 



La figure 
1' instrument de 
d' exploration. 

Dans cette seconde configuration, 1' instrument de 
penetration (1) present'e au niveau de son extremite distale 
deux electrodes (2, 3) de section circulaire seasiblement 
identigue. Lesdites electrodes (2, 3) sont avantageusement 
disposers symetriquement par rapport a l'axe longitudinal de 
1' instrument de forage (1). 

La position desdites electrodes (2, 3) etant connue, 
leur disposition sur 1' extremite distale donne des 
indications sur la position des brecheg. En effet, la brSche 
detectee sera situee entre les deux electrodes (2, 3) pour 
lesquelles un signal est emis. 

le nombre et la forme des electrodes etant donne ici a 
titre d'exemple, il est entendu que ledit instrument (1) de 
penetration peut presenter des electrodes en n " 
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superieur et da forme * diff Create ♦ II est a notex que la 
detection volumetrique de brdches sera d'autant plus precise 
que le nombre d Electrodes rfiparties H l'extr6mite dudit 
instrument (1) sera eieve. 

La figure 3 illustre la representation graphique de la 
frequence et/ou cadence d'un signal sonore &nis par lesdits 
moyens de signalisation en fonction de 1 9 impedance mesuree 
entre lea Electrodes. 

Selon un mode de realisation prgfSrentiel de 
1' invention , la courbe correspondant k la frequence et/ou la 
cadence du signal emis en fonction de 1 ' impedance est 
decroissante et non linfiaire <cf. figure 3). Ainsi, lorsque 
1' instrument de penetration est situe dans le cortex osseux, 
1' impedance, mesuree entre les electrodes correspond it 
1' impedance de I'os, cette impedance restant relativement 
constante. Lesdits moyens de signalisation informent le 
praticien de la position correcte dans le cortex par 
1' emission d'un signal de frequence grave et de cadence 
lente. En particulier, au~del& d'une certaine valeur de 
1' impedance, correspondant & 1' impedance mesuree dans l'os, 
la frequence ainsi que la cadence des signaux restent 
relativement constantes'. 

En revanche, lorsque I'extremite de 1' instrument 
pen&tre dans un tissu environnant mou r le praticien en est 
avert! par una augmentation de la frequence et une 
acceleration de la cadence du signal. 

Ainsi , suivant # cette configuration, une faible 
variation de 1 ' impedance dans l'os ne s ' entendr a pas alors 
que, toute variation d' impedance liee- It la penetration de 
1' instrument dans un tissu environnant mou, aussi faible 
soit elle, s' entendre fortement. 
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De la meme fagon, il eat possible de realiaer des 
instruments de penetration presentant d'autres 
f onctionnalites . 

En particulier, ledit instrument (1) de forage pourra 
avantageusement comporter au moins une electrode {7} 
affleurant la surface laterals dudit instrument (1) de 
forage, ainsi que deux electrodes (5, 6) disposees 
concentriquement a 1' extremity distale dudit instrument (1) 
de forage {figure 7). II aera ainsi possible, de par la 
configuration dudit instrument (1) de forag^de determiner 
la presence et la direction d'une brSche au moyen des 
electrodes (6, 7), ainsi que de prevenir une eventuelle 
perforation du cortex osseux au moyen des electrodes (5, 6). 
A cet effet, il devra etre evite de positionner une 
15 electrode laterals consistant en une tige allant jusgu'a 
1 ' extremity distale. Il serait eh effet impossible, avec tine 
telle configuration, de savoir si la zone ditectee par lea 
electrodes est laterals ou distale « 

20 Avantageusement, des electrodes pourront §tre 

disposees sur la surface laterale de 1' instrument de forage 
pour former des bandes de contact annulaires affleurant la 
surface de 1' instrument de forage (1) (figure 4). 

* 

25 Selon une variants de realisation de 1' invention, les 

electrodes seront avantageusement disposees sous la forme de 
points de contact repartis de fagon homogene sur la surface 
de 1' instrument de forage (1), una telle repartition des 
electrodes permettant une detection volumetrigue des 
perforations (figure 5). Une telle - configuration permet 
ainsi d 'informer a cnaque instant le chirurgien de la zone 
d' impedance la plus faible. 

la figure 6 illustre egalement la realisation d'un 
instrument de penetration configure pour le taraudaoe. 
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Avantageusement, ledlt instrument (1) eat constitug d'une 
extr&nitd distale en forme de pointe et pr6sente sur sa 
parol lat&rale des aretes coupantes. Une Electrode (3) est 
disposes sur au moins une arSte coupante. Au moins une autre 
Electrode (2) est 6galement disposfie 3t l'extr6mit$ distale 
en forme de points dudit instrument (1). Ainsi, lors de 
1' operation de taraudage, le chirurgien est informs en temps 
r6el de la formation d'une br&che non seulement en bout de 
1' instrument et provoquSe par l'extr&nitS distale en forme 
de points de 1' instrument (1), xaais figalement latSralement 
par rapport & la parol dudit instrument (1) et provoquSe par 
au moins une des ardtes coupantes. . 



L ' invention est dScrite dans ce qui prScdde h titre 
d'exemple. II est entendu que l'homme du metier est S memo 
de rSaliser diff^rentes variantes de 1« invention sans pour 
autant sortir du cadre du brevet* 
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RBVEHPICAMtONB 

1. Dispositif pour le suivi de la penetration d'un 
instrument (1) dans una structure anatomigue, en particuller 
une structure osseuse,' comportant une source de tension 
alimentant au moins deux electrodes et un moyen de mesure de 
1' impedance entre lesdites electrodes, caracterise en ce que 
lesdites electrodes (2, 3) sont situees sur ledit instrument 
de penetration (1) de facon a presenter une surface de 
contact affleurante et constants en fonction du. degre 
d'enfoncement dudit instrument de penetration (1) dans 
ladite structure osseuse. 

2. Dispositif selon la revendication 1, caracterise 
15 en ce qu'il comporte une electrode affleurant la surface 

distale dudit instrument de penetration (1). 

3. Dispositif selon la revendication 1 ou la 
revendication 2, caracterise en ce qu'il comporte deux 

20 electrodes affleurant la surface distale dudit instrument de 
penetration <l) f lesdites electrodes etant disposers 
coaxialement et s6par6es l'une de 1' autre par un isolant 
(4). 

25 *• Dispositif selon la revendication 1 ou la 

revendication 2, caracterise en ce qu'il comporte deux 
electrodes affleurant la surface distale dudit instrument de 
penetration (1), lesdites electrodes etant symetriques par 
rapport a l'axe longitudinal dudit instrument de 

30 penetration. 

5. Dispositif • selon l'une quelconque des 
revendications precedentes, caracterise en ce qu'il comporte 
une pluralite d' electrodes affleurant la surface distale 
35 dudit instrument de penetration (1). 
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6. Dispositif selon la revendication 1, caracterise 
en ce qu'il comporte au moins une electrode presentant une 
surface de contact aff leurant lateralement ledit instrument 
5 da penetration <!)• 



7. Dispositif selon la revendication pr6cedente, 
(v* caracterise en ce que ladite Electrode au moins pr6sente une 



surface de contact annulaire. 

8, Dispositif selon la revendication 6 ou la 
revendication 7, caracterise en ce qu'il compoxrte au moins 
deux Electrodes presentant une surface de contact laterale 
annul aire • 



9. Dispositif selon la revendication 1, caracterise 
en ce qu'il comporte une electrode principale aff leurant la 

c surface distale dudit instrument de penetration (1) ainsi 
qu ' une plurality d ' electrodes secondaires aff leurant 

20 lateralexnent pour former des contacts annulaires espacSs 
longitudinalement • 



^ 10. Dispositif selon I'une quelconque des 

revendications precedentes, caracterise en ce qu'il comporte 
25 en outre des moyens de signal! sation produisant un signal 
lors de la detection par ledit moyen de mesure de 

1' impedance une variation de 1 ' impedance • 

* 

11. Dispositif selon la revendication prgc6dente, 

9 

30 caracterise en ce que le signal produit est un signal sonore 
gj^r dont la frequence et/ou la cadence diminue(nt) en fonction 
de 1 ' impedance mesuree. 

* 

12. Dispositif selon la revendication precedents, 
35 caracterise an ce que la frequence et/ou la cadence 
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diminue(nt) non linfiairement en fonction de 1' impedance 
masur&e* 

13, Dispositif selon I'une quelconque des 
revendications 10 a 12 , caractSrisS en ce que le signal 
produit lorsque ledit instrument sort de la structure 
osseuse est un signal sonore aigue k cadence rapide. 

14, Dispositif selon I'une quelconque des 
revendications 10 a 12 , caract&risfi en ce que le signal 
produit lorsque ledit instrument p^nStre la structure 
osseuse est un signal sonore grave & faible cadence* 

15. Dispositif selon l'une quelconque des 
revendications pr€c&tentes, caract&risfi en ce que ledit 
dispositif est un dispositif autonome. 

■ » 

16. Dispositif selon l'une quelconque des 
revendications prScSdentes, caract&cisS en ce qu'il comporte 
un canal central pour le passage d'un instrument 
additionnel. 
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EMC: £V 548524561 US 

DEVICE TO MONITOR THE PENETRATION OF AN INSTRUMENT 

IN AN ANATOMIC STRUCTURE 

[0001 1 The present invention concerns the domain of spinal surgery, and more particularly 
the monitoring of penetration instruments during operations of vertebral, cervical, thoracic, 
lumbar, sacral or ilio-sacral drilling. 

J00O2J The prior art is already familiar with devices used to follow the penetration of an 
instrument in an anatomic structure, in particular a bone structure. 

* 

f0003J We are aware of European patent EP0607688 describing a procedure and a system for 
the insertion of a pedicular vertebral screw, consisting of applying an electric potential to the 
surface of the cavity, and observing the muscular reactions provoked by this stimulation. 
[0004J We are also aware of a solution consisting of measuring the modification in the 
impedance of the region neighbouring the explored bone cavity, using a sound presenting an 
electrode coming into contact with the wall of the bone cavity, and a second electrode placed on 
die patient The puipose is to detect the gaps in bone matter, for example during an operation 
preparing for the insertion of a pedicular screw in a vertebra. 

[0005J The information gathered with such a solution is difficult to interpret, since the 
impedance measured between the two electrodes is perturbed by artefacts related to the variation 
in the penetration of the sound in the cavity. The resistivities of the air, muscle tissue, bone 
tissue and gaps differ, and the signal measured is the result of several parameters that in part 
mask the useful information corresponding to the passage of the electrode of the sound near a 
gap. 

[0006] In addition, the device proposed is not very practical since it first requires a 
calibration (reference related to soft tissue). 
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10007] Finally, such a device remains not very easy to manipulate due to the presence of 
external cables. 

[0008} The pufpose of the invention is to correct these disadvantages by proposing an 
improved device, whose output signal is not disturbed by variations due to the depth of the entry 
of the penetration instrument. 

[0009} The present invention also aims at proposing an autonomous device, not requiring 
external cabling. 

[0010} The present invention also aims at proposing a device offering improved and safer 
drilling conditions by informing the operator of the formation of gaps. 

[0011} For this purpose, according to its most general acceptation, the invention concerns a 
device to monitor the penetration of an instrument in an anatomic structure, m particular a bone 
structure, comprising a source of current supplying at least two electrodes located on the 
aforementioned instrument and a means to measure the impedance between the aforementioned 
electrodes, and it is remarkable in that the aforementioned electrodes are located on the 
aforementioned penetration instrument so as to present a coinciding and constant contact surface 
as a function of the degree of entry of the aforementioned penetration instrument in the 
aforementioned bone structure. 

(0012J More precisely, the invariability of the contact surface of the electrodes during the 
entry of the aforementioned penetration instrument is obtained by the dimensions of the 
aforementioned surface with respect to the dimensions of the hole formed in the bone structure 
by the aforementioned penetration instrument, since the dimensions of the aforementioned 
contact surface should not exceed those of the hole formed by the aforementioned penetration 
instrument 
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[001 3j The term "contact surface" refers to the feet that the dimensions of the surface 
coinciding with the electrodes is smaller than those of the hole formed by the aforementioned 
penetration instrument, 

(0014) Preferably, the aforementioned device comprises an electrode coinciding with the 
distal surface of the aforementioned penetration instrument 

J0015J Distal surface refers to the surface of the distal end of the aforementioned penetration 
instrument 

[0016} According to a first variant of the invention, the aforementioned device comprises 
two electrodes coinciding with the distal surface of the aforementioned penetration instrument, 
since the aforementioned electrodes are coaxially placed and separated by an insulation.. 
I00I7J According to one variant of the invention, the aforementioned device comprises two 
electrodes coinciding with the distal surface of the aforementioned penetration instrument, since 
the aforementioned electrodes are symmetrically placed with respect to a longitudinal axis of the 
aforementioned penetration instrument 

[0018] According to another variant of the invention, the aforementioned device comprises a 
plurality of electrodes coinciding with the distal surface of the aforementioned penetration 
instrument 

[0019J According to an advantageous mode of implementation of the invention, the 
aforementioned device comprises at least one electrode presenting a contact surface laterally 
coinciding with the aforementioned penetration instrument 

[0020] Advantageously, the aforementioned electrode at least presents an annular contact 
surface. 



* 



(0021] Advantageously, the aforementioned device comprises at least two electrodes 
presenting an annular lateral contact surface. 

(0022] Advantageously, the aforementioned device comprises a main electrode coinciding 
with the distal surface of the aforementioned penetration instrument as well as a plurality of 
secondary laterally coinciding electrodes to form longitudinally spaced annular contacts. 
100231 According to a preferred mode of implementation of the invention, the 
aforementioned device also comprises means of signalling producing a signal at the time of 
detection of a variation in the impedance by the aforementioned means of measurement 
[0024] Advantageously, the signal produced is a sound signal whose frequency and/or 
rhythm decreases as a function of the impedance measured Preferably, the frequency and/or 
rhythm non linearly reduce as a function of the impedance measured. 

[0025] Therefore, when the aforementioned instrument leaves the bone structure, an acute 
sound signal with a rapid rhythm ia produced When the aforementioned instrument penetrates 
and remains in the bone structure, a low-pitched sound signal with a low rhythm is produced 
[0026j Advantageously, the aforementioned device comprises a central channel for the 
passage of an additional instrument. 

[0027] The invention will be better understood upon reading the following description, 
referring to the appended figures where: 

* 

figures 1A and IB respectively illustrate a front section view and a longitudinal section 
view of a drilling instrument forming the exploration device of the invention; 

figure 2 illustrates a front section view of a first variant of the drilling instrument; 

figure 3 illustrates a graphic representation of the sound signal given off by the 
exploration device as a function of (he impedance measured; 
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figure 4 illustrates a longitudinal section view of a second variant of the drilling 
instrument; 

figure 5 illustrates a perspective view of a third variant of the drilling instrument; 
figure 6 illustrates a longitudinal section view of a penetration instrument comprising a 
tap; and 

figure 7 illustrates a longitudinal section view of the penetration instrument according to 
another variation of the drilling instrument. 

{0028J The device according to the invention is a device to monitor the penetration of an 
instrument in the bone structures of a human or animal body, the aforementioned structures 
presenting at least two different zones of electric impedance. 

(00291 The aforementioned electrodes, located on the aforementioned penetration instrument 
(I), are configured to present a contact surface that remains constant during the penetration of the 
aforementioned penetration instrument 

[0030] The aforementioned electrodes are each connected to an electric generator delivering 
an alternative current, which comprises a circuit to measure the impedance between the two 
electrodes (impedometer). 

[0031] Therefore, since the impedance of the pedicular tissue is strictly superior that of 
muscle tissue, the detection of a gap results in a reduction in the impedance, 
[0032] The aforementioned device also comprises means of signalling producing a specific 
signal at the time of the detection, by impedometer, of a variation in impedance, and therefore 
the penetration of the instrument in a zone of soft tissue (marrow, nerves), to thereby form a gap 
in the bone cortex. The aforementioned means of signalling consist of the emission of a visual 
signal, such as a light, a sound signal, and/or a tactile signal (vibrator, 
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[0033J A preferred example of the operating principle of the signalling of the detection of a 
gap is described below (figure 3), 

[0034J In the following section, the penetration instrument consists of a drilling instrument 

(1) . However, the configurations presented below are of course applicable to other penetration 
instruments (tapping, curettage, spatulage, 

[0035] Figures 1A and IB illustrate a first configuration of the drilling instrument (1) 
composing the aforementioned exploration device according to the invention. 
[00361 In this first configuration, the drilling instrument (1) has, at the distal end, two 
electrodes (2, 3) of circular and concentric section, inner electrode (2) being separated from outer 
electrode (3) by an insulation ring (4). 

[0037J Electrode (2) comprises, in this example of implementation, the positive pole of the 
aforementioned electronic device, electrode (3) the negative pole. It is of course obvious that 
this is only an example of implementation, and that the man skilled in the art may create an 
electronic device whose positive pole will consist of electrode (3) and negative pole of electrode 

(2) without going beyond the invention. 

[0038] Each electrode (2, 3) is arranged so as to coincide with the distal surface of the 
aforementioned drilling instrument (1). 

[0039] In order to avoid any perturbation in the signal, the surface of electrode (3) coinciding 
with the surface of the aforementioned drilling instrument (1) remains relatively small compared 
with the dimensions of the hole made in the bone cortex during the drilling operation. 
[0040] During the penetration of the instrument (1) in the bone structure, a signal is given off 
by the aforementioned means of signalling when a variation in the impedance measured between 



the aforementioned electrodes (2, 3) is detected by the impedometer, indicating the formation of 
a gap. 

[0041J At that time, the practitioner is informed that the end of the drilling instrument (1) has 
just left the bone cortex to penetrate in a zone of soft tissue. The practitioner, if he so desires, 
then modifies the path of the drilling instrument (1) so as to return to the bone cortex. 
[0042] Figure 2 illustrates a second configuration of the drilling instrument (1) comprising 
the aforementioned exploration device. 

[0043] In this second configuration, the penetration instrument (1) presents two electrodes 
(2, 3) of sensibly identical circular section its the distal end* The aforementioned electrodes (2, 
3) are advantageously symmetrically arranged with respect to the longitudinal axis of the drilling 
instrument (1). 

[0044] Since the position of the aforementioned electrodes (2, 3) is known, their disposition 
on the distal end provides indications about the position of the gaps. In fact, the gap detected 
will be located between the two electrodes (2, 3) for which a signal is emitted, 
[0045] Since the number and shape of the electrodes is here provided by way of example, it 
is understood that the aforementioned penetration instrument (1) may present a greater number 
of electrodes and their shape may differ. It should be noted that the volumetric detection of gaps 
will be more exact the higher the number of electrodes distributed at the end of the 
aforementioned instrument (1). 

[0046] Figure 3 illustrates the graphic representation of the frequency and/or rhythm of a 
sound signal given off by the aforementioned means of signalling as a function of the impedance 

* 

measured between the electrodes. 
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[0047J According to one preferential mode of implementation of the invention, the curve 
corresponding to the frequency and/or rhythm of the signal emitted as a function of the 
impedance is decreasing and not linear (see figure 3). Therefore, when the penetration 
instrument is located in the bone cortex, the impedance measured between the electrodes 
corresponds to the impedance of the bone, this impedance remains relatively constant. The 
aforementioned means of signalling inforai the practitioner of the proper position in the cortex 
by the emission of a signal with a low frequency and slow rhythm. In particular, beyond a 
certain value of impedance, corresponding to the impedance measured in the bone, the frequency 
as well as the rhythm of the signal remain relatively constant. 

(0048J However, when the end of the instrument enters surrounding soft tissue, the 
practitioner is informed of this by an increase in the frequency and an acceleration in the rhythm 
of the signal. 

{00491 Therefore, following this configuration, a small variation of the impedance in the 
bone is not heard while any variation in the impedance related to the penetration of the 
instrument in the surrounding soft tissue, as small as it may be, will be strongly heard. 
[0050] In the same way, it is possible to create penetration instruments presenting other 
functionalities. 

(0051] In particular, the aforementioned drilling instrument (1) may advantageously 
comprise at lease one electrode (7) coinciding with the lateral surface of the aforementioned 
drilling instrument (I), as well as two electrodes (5, 6) concentrically arranged at the distal end 
of the aforementioned drilling instrument (1) (figure 7). It will thereby be possible, due to the 
configuration of the aforementioned drilling instrument (1) to determine the presence and 
direction of a gap by means of electrodes (6, 7) as well as signal any perforation of the bone 
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cortex by means of electrodes (5, 6). For this puipose, the positioning of a lateral electrode 
consisting of a rod going to the distal end should be avoided. In fact, it would be impossible, 
with such a configuration, to know whether the zone detected by the electrodes is lateral or 
distal. 

[0052] Advantageously, the electrodes may be arranged on the lateral surface of the drilling 
instrument in order to form annular bands of contact coinciding with the surface of the drilling 
instrument (1) (figure 4). 

J0O53] According to one variant of the invention, the electrodes will be advantageously 
arranged in the form of points of contact distributed in a homogenous manner on the surface of 
the drilling instrument (1), Such a distribution of the electrodes will enable the volumetric 
detection of die perforations (figure 5). Such a configuration may thereby inform the surgeon of 
the lowest zone of impedance at all times. 

[0054] Figure 6 also illustrates the implementation of a penetration instrument configured for 
tapping. Advantageously, the aforementioned instrument (1) comprises a distal end in the form 
of a point and the lateral wall presents cutting stops. One electrode (3) is arranged on at least one 
cutting stop. At least one other electrode (2) is also arranged at the distal end in point form of 
the aforementioned instrument (1). Therefore, during the tapping operation, the surgeon is 
informed of the formation of a gap in real time not only at the end of the instrument and 
provoked by the distal end in point form on the instrument (1) but also laterally with respect to 
the wall of the aforementioned instrument (1) and provoked by at least one of the cutting stops. 
10055] The invention is described above by way of example. It is understood that the man 
skilled in the art is able to create different variants of the invention without going beyond the 
framework of the patent. 
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C LAIMS 

1. Device to monitor the penetration of an instrument (1) in an anatomic structure, in 
particular a bone structure, comprising a source of current supplying at least two electrodes and a 
means to measure the impedance between the aforementioned electrodes, characterised in that 
the aforementioned electrodes (2, 3) are located on the aforementioned penetration instrument 
(1) so as to present a coinciding and constant contact surface as a function of the degree of 
penetration of the aforementioned penetration instrument (!) in the aforementioned bone 
structure. 

2. Device according to claim 1, characterised in that it comprises an electron 
coinciding with the distal surface of the aforementioned penetration instrument. 

3. Device according to claim 1 or claim 2, characterised in that it comprises two 
electrodes coinciding with the distal surface of the aforementioned penetration instrument (1), 
the aforementioned electrodes being coaxially arranged and separated from each other by an 
insulation. 

4. Device according to claim 1 or claim 2, characterised in that it comprises two 
electrodes coinciding with the distal surface of the aforementioned penetration instrument (1), 
the aforementioned electrodes being symmetrical with respect to the longitudinal axis of the 
aforementioned penetration instrument 
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5. Device according to any of the previous claims, characterised in that it comprises 
a plurality of electrodes coinciding with the distal surface of the aforementioned penetration 
instrument (1). 

6. Device according to claim I, characterised in that it comprises at least one 
electrode presenting a contact surface laterally coinciding with the aforementioned penetration 
instrument (1). 

7. Device according to the previous claim, characterised in that the aforementioned 
electrode at least presents one annular contact surface, 

8. Device according to claim 6 or claim 7, characterised in that it comprises at least 
two electrodes presenting a lateral annular contact surface. 

9. Device according to claim i, characterised in that it comprises one main electrode 
coinciding with the distal surface of the aforementioned penetration instrument (1) as well as a 
plurality of laterally coinciding secondary electrodes to form longitudinally spaced annular 

* 

contacts. 

10. Device according to any of the previous claims, characterised in that it also 
comprises means of signalling producing a signal during the detection by the aforementioned 
means to measure the impedance by a variation in impedance. - ■ 



11 



1 1 . Device according to the previous claims, characterised in that the signal produced 
is a sound signal whose frequency and/or rhythm decrease as a function of the impedance 
measured. 

12. Device according to the previous claim, characterised in that the frequency and/or 
rhythm decrease in a non linear manner as a function of the impedance measured. 

13. Device according to any of claims 10 to 12, characterised in that the signal 
produced when the aforementioned instrument leaves the bone structure is an acute sound signal 
with a rapid rhythm. 

14. Device according to any of claims. 10 to 12, characterised in that the signal 
produced when the aforementioned instrument penetrates the bone structure is a low-pitched 
sound signal with a slow rhythm. 

15. Device according to any of the previous claims, characterised in that the 
aforementioned device is an autonomous device. 

16. Device according to any of the previous claims, characterised in that it comprises 
a central channel for the passage of an additional instrument. 
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CLAIMS 



1 . Device to monitor the penetration of an instrument ( 1 ) in an anatomic structure, in 
particular a bone structure, comprising a source of current supplying at least two electrodes and a 
means to measure the impedance between the aforementioned electrodes, the aforementioned 
electrodes (2, 3) are located on the aforementioned penetration instrument (1) characterised in 
that the device comprises at least a first electrode presenting a contact surface coinciding with 
the distal surface of the aforementioned penetration instrument and at least a second electrode 
presenting a contact surface coinciding with the lateral surface of the aforementioned penetration 
instrument (1), said contact surfaces dimension are so as to present a coinciding and constant 
contact surface as a function of the degree of penetration of the aforementioned penetration 
instrument (1) in the aforementioned bone structure. 



2. Device according to claim 1, characterised in that it comprises two electrodes 
coinciding with the distal surface of the aforementioned penetration instrument (1), the 
aforementioned electrodes being coaxially arranged and separated from each other by an 
insulation (4). 



3. Device according to claim 1, characterised in that it comprises two electrodes 
coinciding with the distal surface of the aforementioned penetration instrument (1), the 
aforementioned electrodes being symmetrical with respect to the longitudinal axis of the 
aforementioned penetration instrument 



Replacement Sheet 



4. Device according to any of the previous claims, characterised in that the 
aforementioned electrode at least presents one annular contact surface. 



5. Device according to claim 1 , characterised in that it comprises one main electrode 
coinciding with the distal surface of the aforementioned penetration instrument (I) as well as a 
plurality of laterally coinciding secondary electrodes to form longitudinally spaced annular 
contacts. 



6. Device according to claim 1, characterised in that it comprises a first electrode 
coinciding with the distal surface of the aforementioned penetration instalment (I), a second 
electrode coinciding with the lateral surface of the aforementioned penetration instrument (1) and 
a third electrode partially covering lateral surface of the aforementioned penetration instrument 
(1). 



7. Device according to any of the previous claims, characterised in that it also 
comprises means of signalling producing a signal during the detection by the aforementioned 
means to measure the impedance by a variation in impedance. 



8. Device according to the previous claim, characterised in that the signal produced 
is a sound signal whose frequency and/or rhythm decrease as a function of the impedance 
measured. 
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9. Device according to the previous claim, characterised in that the frequency and/or 
rhythm decrease in a non linear manner as a function of the impedance measured. 

10. Device according to any of claims 7 to 9, characterised in that the signal produced 
when the aforementioned instrument leaves the bone structure is an acute sound signal with a 
rapid rhythm. 

1 1 . Device according to any of claims 7 to 9, characterised in that the signal produced 
when the aforementioned instrument penetrates the bone structure is a low-pitched sound signal 
with a slow rhythm. 

12. Device according to any of the previous claims, characterised in that the 
aforementioned device is an autonomous device. 

13. Device according to any of the previous claims, characterised in that it comprises 
a central channel for the passage of an additional instrument 
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SUBSTITUTE SPECIFICATION rClean Copy) 

DEVICES THAT MONITOR PENETRATION OF AN INSTRUMENT 

IN AN ANATOMICAL STRUCTURE 

Related Application 

10001] This is a §371 of International Application No. PCT/FR2005/000340, with an 
international filing date of February 11, 2005 (WO 2005/077283 Al, published August 25, 
2005), which is based on French Patent Application No. 04/01362, filed February 11, 2004. 

Technical Field 

[0002] This disclosure relates to spinal surgery, more particularly, monitoring of penetration 
instruments during operations of vertebral, cervical, thoracic, lumbar, sacral or ilio-sacral 
drilling. 

Background 

[0003] Devices used to follow the penetration of an instrument in an anatomical structure, in 
particular, a bone structure are known. 

I0004J Ep 0 607 688 describes a procedure and system for the insertion of a pedicular 
vertebral screw, incuding applying an electric potential to the surface of the cavity, and 
observing the muscular reactions provoked by this stimulation. 

J0005J It is also known to measure the modification in the impedance of the region 
neighboring the explored bone cavity using a sound presenting an electrode coming into contact 
wife the wall of the bone cavity, and a second electrode placed on the patient The purpose is to 



detect the gaps in bone matter, for example, during an operation preparing for the insertion of a 
pedicular screw in a vertebra. 

[0006J The information gathered with such an approach is difficult to interpret since the 
impedance measured between the two electrodes is perturbed by artefacts related to the variation 
in the penetration of the sound in the cavity. The resistivities of the air, muscle tissue, bone 
tissue and gaps differ, and the signal measured is the result of several parameters that in part 
mask the useful information corresponding to (he passage of the electrode of the sound near a 
gap. 

{0007] In addition, the device is not very practical since it first requires calibration (reference 
related to soft tissue). Finally, such a device remains not very easy to manipulate due to the 
presence of external cables. 

[0003] It could therefore be advantageous to provide a device whose output signal is not 
disturbed by variations due to the depth of the entry of the penetration instrument 

Summary 

10009} This invention relates to a device to monitor penetration of an instrument in an 
anatomical structure including at least two electrodes, a source of current supplying the at least 
two electrodes, and means for measuring impedance between the electrodes, wherein the 
electrodes are located on the penetration instrument, wherein the first electrode has a contact 
surface coinciding with a distal surface of the penetration instrument and the second electrode 
has a contact surface coinciding with a lateral surface of the penetration instrument, and wherein 
the contact surfaces are dimensioned to have a coinciding and constant contact surface as a 
function of a degree of penetration of the penetration instrument in the anatomical structure. 
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Brief Description of the Drawings 

[0010| Selected, representative aspects of the devices will be better understood upon reading 
the following description, referring to the appended figures where: 

Figs. 1 A and IB, respectively, are a front sectional view and a longitudinal sectional view 
of a drilling instrument forming an exploration device; 

Fig. 2 is a front sectional view of a drilling instrument; 

Fig. 3 is a graphic representation of the sound signal given off by the exploration device 
as a function of the impedance measured; 

* 

Fig. 4 is a longitudinal sectional view of a drilling instrument; 
Fig. 5 is a perspective view of a drilling instrument; 

Fig. 6 is a longitudinal sectional view of a penetration instrument comprising a tap; and 
Fig. 7 is a longitudinal sectional view of a penetration instrument of a drilling instrument 

Detailed Description 

[0011] We disclose devices to monitor penetration of an instrument in an anatomical 
structure, in particular, a bone structure, comprising a source of current supplying at least two 
electrodes located on the instrument and a means to measure die impedance between the 
electrodes. The electrodes are located on the penetration instrument to present a coinciding and 
constant contact surface as a function of the degree of entry of the penetration instrument in the 
bone structure. 

[0012J More precisely, the invariability of the contact surface of the electrodes during entry 
of the penetration instrument is obtained by the dimensions of the surface with respect to the 
dimensions of the hole formed in the bone structure by the penetration instrument, since the 

< 
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dimensions of the contact surface should not exceed those of the hole formed by the penetration 
instrument. 

10013) The term "contact surface" refers to the fact that the dimensions of the surface 
coinciding with the electrodes is smaller than those of the hole formed by the penetration 
instrument 

[001 4] Preferably, the device comprises an electrode coinciding with the distal surface of the 
penetration instrument 

I0015J "Distal" surface refers to the surface of the distal end portion of the penetration 
instrument 

[00161 The device may comprise two electrodes coinciding with the distal surface of the 
penetration instrument, since the electrodes are substantially coaxially placed and separated by 
insulation. 

[00171 The device may also comprise two electrodes coinciding with the distal surface of the 
penetration instrument since the electrodes are symmetrically placed with respect to a 
longitudinal axis of the penetration instrument 

£0018] The device may further comprise a plurality of electrodes coinciding with the distal 
surface of the penetration instrument 

[0019] The device may comprise at least one electrode having a contact surfece laterally 
coinciding with the penetration instrument Advantageously, the electrode at least has a 
substantially annular contact surface. Advantageously, the device comprises at least two 
electrodes having an annular lateral contact surface. 
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[0020J Advantageously, the device may comprise a main electrode coinciding with the distal 
surface of the penetration instrument as well as a plurality of secondary laterally coinciding 
electrodes to form longitudinally spaced annular contacts. 

[0021) The device may also comprise means of signalling producing a signal at the time of 
detection of a variation in the impedance by the means of measurement. 
(0022] Advantageously, the signal produced may be a sound signal whose frequency and/or 
rhythm decreases as a function of the impedance measured. Preferably, the frequency and/or 
rhythm non linearly reduce as a function of the impedance measured. 

10023 J Therefore, when the instrument leaves the bone structure, an acute sound signal with 
a rapid rhythm is produced When the instrument penetrates and remains in the bone structure, a 
low-pitched sound signal with a low rhythm is produced. 

[0024] Advantageously, the device may comprise a central channel for the passage of an 
additional instrument. 

10025] The device monitors penetration of an instalment in the bone structures of a human or 

animal body, the structures having at least two different zones of electric impedance. 

10026] The electrodes, located on die penetration instrument (1), are configured to have a 

contact surface that remains constant during penetration of the penetration instrument 

[0027] The electrodes are each connected to an electric generator delivering an alternative 

current, which comprises a circuit to measure the impedance between the two electrodes 

(impedometer). 

[0028] Therefore, since the impedance of the pedicular tissue is superior that of muscle 
tissue, the detection of a gap results in a reduction in the impedance. 
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{0029J The device also comprises means for signalling that produce a specific signal at the 
time of the detection, by impedometer, of a variation in impedance and > therefore, penetration of 
the instrument in a zone of soft tissue (marrow, nerves), to thereby form a gap in the bone cortex. 
The means for signalling include emission of a visual signal, such as a light, a sound signal, 
and/or a tactile signal (vibrator or the like). 

10030] A preferred example of the operating principle of the signalling of the detection of a 
gap is described below and shown in Fig. 3. 

J0031] In the following section, the penetration instrument includes a drilling instrument (1). 
However, the configurations presented below are, of course, applicable to other penetration 
instruments (tapping, curettage, spatulage and the like). 

{00321 Figs. 1A and IB illustrate a first configuration of the drilling instrument (1) 
composing the exploration device. 

[0033J h* this first configuration, the drilling instrument (1) has, at the distal end portion, two 
electrodes (2, 3) of circular and concentric section, inner electrode (2) being separated from outer 
electrode (3) by an insulation ring (4). 

10034] Electrode (2) comprises in this example the positive pole of the electronic device, 
electrode (3) the negative pole. This is only one example of implementation and one skilled in 
the art may create an electronic device whose positive pole will include electrode (3) and 
negative pole of electrode (2) without going beyond the scope of this disclosure. 
10035] Each electrode (2, 3) is arranged to coincide with the distal surface of the drilling 
instrument (1). 
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[0036} In order to avoid any perturbation in the signal, the surface of electrode (3) coinciding 
with the surface of the drilling instrument (1) remains relatively small compared with the 
dimensions of the hole made in the bone cortex during the drilling operation. 
[0037] During penetration of the instrument (1) in me bone slructure, a signal is given off by 
the means effor signalling when a variation in the impedance measured between the electrodes 
(2, 3) is detected by the impedometer, indicating formation of a gap. 

[0038] At that time, the practitioner is informed that the end of the drilling instrument (1) has 
just left the bone cortex to penetrate in a zone of soft tissue. The practitioner, if so desired, then 
modifies the path of the drilling instrument (1) to return to the bone cortex. 

[00391 Fig. 2 illustrates a second configuration of the drilling instrument (1) comprising the 
exploration device. 

[0040J lh this second configuration, the penetration instrument (1 ) has two electrodes (2, 3) 
of sensibly identical circular section its the distal end. The electrodes (2, 3) are advantageously 
symmetrically arranged with respect to the longitudinal axis of the drilling instrument (1). 
[0041 J Since the position of the electrodes (2, 3) is known, their disposition on the distal end 
provides indications about the position of the gaps, fa feet, the gap detected will be located 
between die two electrodes (2, 3) for which a signal is emitted. 



[0042] 



Since the number and shape of the electrodes is here provided by way of example, it 
is understood that the penetration instrument (1) may have a greater number of electrodes and 
their shape may differ. It should be noted that the volumetric detection of gaps will be more 
exact the higher the number of electrodes distributed at the end of the instrument (1). 
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[0043 J Fig. 3 illustrates the graphic representation of the frequency and/or rhythm of a sound 
signal given off by the means for signalling as a function of the impedance measured between 
the electrodes. 

[0044] According to one preferential mode of implementation, the curve corresponding to 
the frequency and/or rhythm of the signal emitted as a function of the impedance is decreasing 
and not linear as shown in Fig. 3. Therefore, when the penetration instrument is located in the 
bone cortex, the impedance measured between the electrodes corresponds to the impedance of 
the bone, this impedance remains relatively constant The means for signalling inform the 

* 

practitioner of the proper position in the cortex by the emission of a signal with a low frequency 
and slow rhythm. In particular, beyond a certain value of impedance, corresponding to the 
impedance measured in the bone, the frequency as well as the rhythm of the signal remain 
relati vely constant 

[0045] However, when the end of the instrument enters surrounding soft tissue, the 
practitioner is informed of this by an increase in the frequency and an acceleration in the rhythm 
of the signal 

[0046] Therefore, following this configuration, a small variation of the impedance in the 
bone is not heard while any variation in the impedance related to the penetration of the 
instrument in the surrounding soft tissue, as small as it may be, will be strongly heard 
[0047] In the sane way, it is possible to create penetration instruments having other 
functionalities. 

[0048] La particular, the drilling instrument (1) may advantageously comprise at lease one 
electrode (7) coinciding with the lateral surface of the drilling instrument (1), as well as two 
electrodes (5, 6) concentrically arranged at the distal end of the aforementioned drilling 
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instrument (1) (Fig. 7). It will thereby be possible, due to the configuration of the drilling 
instrument (1), to determine the presence and direction of a gap by means of electrodes (6, 7) as 
well as signal any perforation of the bone cortex by means of electrodes (5, 6). For this purpose, 
positioning a lateral electrode comprising a rod going to the distal end should be avoided In 
fact, it is believed to be impossibly with such a configuration, to know whether the zone 
detected by the electrodes is lateral or distal. 

[0049] Advantageously, the electrodes may be arranged on the lateral surface of the drilling 
instrument to form annular bands of contact coinciding with the surface of the drilling instrument 
0)(Fig.4). 

(0050] The electrodes may be advantageously arranged in the form of points of contact 
distributed in a homogenous manner on the surface of the drilling instrument (1). Such a 
distribution of the electrodes enables the volumetric detection of the perforations (Fig. 5). Such 
a configuration may thereby inform flte surgeon of the lowest zone of impedance at all times. 
[0051] Fig. 6 also illustrates implementation of a penetration instrument configured for 
tapping. Advantageously, the instrument (1) comprises a distal end in the form of a point and the 
lateral wall has cutting stops. One electrode (3) is arranged on at least one cutting stop. At least 
one other electrode (2) is also arranged at the distal end in point form of the instrument (1). 
Therefore, during the tapping operation, the surgeon is informed of the formation of a gap in real 
time not only at the end of the instrument and provoked by the distal end in point form on the 
instrument (1), but also laterally with respect to the wall of the instrument (1) and provoked by at 
least one of the cutting stops. 
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(0052) The invention is described above by way of example. It is understood that one skilled 
in the art is able to create different variants without departing from the framework of the devices 
as defined in die appended claims. 
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Depot de la demande Internationale 

PCT/FR2005/00340 AUX Etats-Unis 



Monsieur, 



Nous sommes les conseils de. la soctet6 SpineVlsion SA. 

Dans le cadre de renregistrernent de la demande am^rfcaine n° 10/589,314 d£pos6e le 1 1 aoOt 
2006 (35905/PCT/US) et correspondent d la demande intemationale PCT/FR2005/00340 ayant 
pour titre "Device that monitor penetration of an instrument in an anatomic structure" concemant 
una invention pour laquelle vous Mm- Fun des inventeurs d6sign6s, notre diente nous d demand^ 
de vous transmettre les documents suivanls : 



un exemplaire corrjg§ de "Combined Declaration, Power of Attorney and Petition", 
un exemplaire corrig6 de "Assignment* 1 , 

un exemplaire du fascicule de publication de la demande PCT FR2005/00340, 
un exemplaire du texte de la demande telle que d6pos6e aux Etats-Unis, 
un exemplaire du texte am6ricain rernante. 



Nous vous remerdons cfen prendre connaissance et de nous retoumer le document intitute 
"Combined Declaration, Power of Attorney and Petition" alnsi que le document "Assignment" 
chacun sign6 de votre main. 
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19 septembre 2007 



Ces documents sont en effet indispensables a notre cliente dans le cadre de ia delivrance du 
brevet am6ricain correspondent 3 la demande Internationale en cause. 

Nous vous remercions de votre diligence et vous informons, conformSrnent £ nos regies 
d6ontologiques, que nous transmettons copie de la pr6sente d votre conseil, notre Confrere 
Guillaume Teissonntere. 

Nous vous prions de crolre, Monsieur, en ('expression de noire consideration distingu6e. 
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Mister Gerard Vanacker 
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acknowledgement of receipt 



2 rue du Sautiquet 
83380 Les Issambres 



FILING OF INTERNATIONAL APPLICATION 
PCT/FR2005/00340 IN THE USA 



Dear Sir, 

We are the legal advisers of company SpineVision SA. 

In view of the registration of the US application No. 10/589,314 filed on August, 11, 2006 
(35905/PCT/US) and corresponding to international application PCT/FR2005/00340 (Title : « 
Device that monitor penetration of an instrument in an anatomic structure »), relating to an 
invention for which you are one of the designated inventors, our client has asked us to 
transmit the following documents to you : 

• a corrected copy of « Combined Declaration, Power of Attorney and Petition », 

• a corrected oopy of « Assignment », 

• a copy of the publication pamphlet of the application application PCT/FR2005/00340, 

• a copy of the application text as filed in the USA, 

• a copy of the US substitute text. 

Kindly review these documents and send back to us the document « Combined Declaration, 
Power of Attorney and Petition » and the document « Assignment », both of them duly 
executed by yourself. 



Mister Gerard Vanacker 
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September, 19, 2007 



Indeed these documents are absolutely needed by our client in order to obtain the grant of 
the American patent corresponding to said international application. 

We thank you in advance for your kind and prompt co-operation and inform you that, 
according to our ethical rules, we forward a copy of the present letter to your legal counsel, 
our colleague Guillaume Teissonnidre. 

Yours sincerely, 

Dominique MSnard 
Attorney at Law 
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As a below named inventor, I hereby declare that: 

My residence, post office address end citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if 
plural names are Med below) of the' subject matter which is claimed aid for which a patent is bought on the invention 

^tD^ICE FOR MOfNITORING THE PENETRATION OF AN INSTRUCT INTO AN 
ANATOMICAL STRUCTURE 

□ which is described mtliespe^wttc^aridclaiins C 

O attached hereto. 
O riled on 



Application Serial No, 
and was amended on 



(if applicable) 

which is described in International Application No. PCT/FR2005/QQQ^Q 



filed February 1 L 2005 and as amended on 



m (if any), 



which I have reviewed and for winch I solicit a United States patent 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims as 
amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 CJPit § 1 .56, including for 
coirirmatic*.in-part applications, material information which became available between the filing date' of the prior 
application and the national or POT international filing date of the c<mtmuation-u>part application. 
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Attorney Docket No. BDM-06- 1214 

I hereby claim foreign priority benefits nnder Tide 35, United States Code, §1 19(aHd) or §365(b) of any foreian 
appbcanonCs) for paten, or inventor's certificate, or §365(a) of any PCT IntemationL A^Vcation which desJS «2 

ZTZE w ^ ^ Usted »« <*» below any L^pEal^ 

Z^ZSXZS"* m " "* PCT ^^ Appbcabcm bavinfi a filing date beZtha oTZpplic^o 




I hereby claim the benefit under Title 35, United States Code, §1 19(e) or §120 (as appheable) of any United States 
apphcauon^or § 365<e) of any PCT Intemabonal Application designating tie United sSX2^L^ ttow^£ 
insofar as the subject natter of each of the claims of this apphcanon is not disclosed in the prior United States or PCT 
International Apphcabonfs) in the manner provided by the first paragraph of Title 35, United States Code « 1 12: 



(Application Serial No.) 



(FilingDate) 
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(Filing Date) 
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tw*K vt ATTORNEY: As a named inventor, I hereby appoint the following registered attorneys 
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T. Daniel Christenbury 
Paul A. Taufer 
Thomas J. Durling 
Darius C. Gambino 

WiHiam F.Lang 
PaulCarangi 



Reg. No. 31,750 
Reg. No. 35,703 
Reg. No. 31,349 
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Steven A. Nash 
Andrew A. Noble 
Thomas R. Mancini 
Richard L, Cruz 
William L. Bartow 
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Reg. No. 48,651 
Reg. No. 50,157 
Reg. No. 52,783 
Reg. No. 54,981 
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I hereby petition for grant of a United States Letters Patent on this invention. 

I bereby declare that a!] statements made herein ofroy own knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements were made with the knowledge that willful false 
statements and the like so made aie punishable by fine or imprisonment, or both, under Section 1001 of Title 1 8 of the United 
States Code and that such willful false statements may jeopardize the vaMty of the application or any patent issued thereon. 
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WHEREAS, we, Maurice Bourlion, Gerard Vanackcr and Dominique Petit, citizens of 
France, residing at 9 rue Jean Vincent, F-42400 Saint-Chamond, France; Villa soim-Antou* Rue du Sau - 
tiquct, F-83380 Les issanibr«s, France and 2 rue des Peupliers, F-62180 Verton, France, respectively, 
(hereinafter referred to as "the undersigned"), having made an invention entitled DEVICE FOR 
MONITORING THE PENETRATION OF AN INSTRUMENT INTO AN ANATOMICAL 
STRUCTURE for which on the date set forth below, unless otherwise indicated here, 
the undersigned executed an application for United States Letters Patent, 

WHEREAS, Spinevision. a corporation of France, with offices at 1 80 avenue Daumesnil, F- 
75012 Paris, France (hereinafter referred to as "assignee'*), is desirous of acquiring the entire right, 
title and interest in said invention, said application and all letters patent issuing for said invention, 

NOW, THEREFORE, in consideration of One Dollar ($1 .00) and of other good and valuable 
consideration, receipt of which is hereby acknowledged, the undersigned, intending to be legally 
bound, does hereby sell, assign and transfer to the assignee the entire right, title and interest, for the 
United States of America, its territories and possessions, and for all foreign countries, in said 
invention, including said patent application, all divisions and continuations thereof, all rights to 
claim priority based thereon, all rights to file foreign applications on said invention, and all letters 
patent and reissues thereof; issuing for said invention in the United States of America and in any and 
all foreign countries. 

It is agreed that the undersigned shall be legally bound, upon request of the assignee, or its 
successors or assigns or a legal representative thereof to supply all information and evidence of 
which the undersigned has knowledge or possession, relating to the making and practice of said 
invention, to testify in any legal proceeding relating thereto, to execute all instruments proper to 
patent the invention in 1he United States of America wd foreign countries in the name of the 
assignee, and to execute all instruments proper to cany out the intent of this instrument. If the 
undersigned includes more than one individual, these obligations shall apply to all of the undersigned 
both individually and col lectively. 

The rights and property herein conveyed by the undersigned are free and clear of any 
encumbrance. 
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^ (57) Abstract: The invention relates to a device for monitoring the penetration of an Instrument (!) Into an anatomical structure, 
particularly a bone structure. The inventive device comprises a voltage source which powers at least two electrodes and a means 
for measuring the impedance between said electrodes. The invention Is characterised in that the electrodes (2, 3) are located on the 

w penetrating instrument (1) such as to present a flush constant contact surface that is dependent on how far the penetrating instrument 

If) ( 1) is inserted into the bone structure. 



fs| (S 7 ) Abrege : La prcsenle invention sc rapporte a un dispositifpour le suivi de la penetration d*un instrument (I) dans una structure 

Oanatomique, en particulier unc structure osscose, comportant cue source de tension alimentant eu moms deux electrodes et un moyen 
dc mesure de I'impedance entre lesdiics Electrodes, caracterise* en ce que Jesdites electrodes 

^ (Suite sur la page suivantej 
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DISPOSITIF POUR LE SUIVI DE IA PENETRATION D'UN INSTRUMENT 

DANS UNE STRUCTURE ANATOMIQUE 

« 

La presente invention concerne le domaine de la 
5 chirurgie rachidienne, et plus particulierement le suivi des 
instruments de penetration au cours des operations de 
percage vertebral, cervical, thoracique, lorabaire, sacre ou 
ilio sacre. 

* 

10 L'art anterieur connalt dfija des dispositifs 

permettant le suivi de la penetration d'un instrument dans 
une structure anatomigue, en particulier une structure 
osseuse. 

On connait le brevet europeen BP0607688 decrivant une 
15 procedure et un systSme d' insertion d'une vis vertebrale 
pediculaire, consistent a appliquer un potentiel eiectrique 
a la surface de la cavite, et a observer les reactions 
musculaires provoguees par cette stimulation. 

On connait egalement une solution consistant a mesurer 
20 la modification d' impedance dans la region voisine de la 
cavite osseuse explore, a 1'aide d'une sonde presentant une 
electrode venant en contact avec la paroi de la cavite 
osseuse, et une deuxieme electrode placee sur le patient. Le 
but est de detecter des breches dans la matiere osseuse, par 
25. exemple lors d»une operation de preparation de la pose d'une 
vis pediculaire dans une vertebre. 

L * information recueillie avec une telle solution est 
difficile a interpreter, car 1' impedance mesuree entre les 
deux electrodes est perturbee par des artefacts lies a la 
variation d • enf oncement de la sonde dans la cavite. Les 
resistivites de l'air, des tissus musculaires, des tissus 
osseux et des breches sont differentes, et le signal mesure 
est une resultante de plusieurs parametres masquant en 
partie 1 ' information utile correspondant au passage de 
35 1' electrode de la sonde a proxiraite d'une brSche. 
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En outre, le dispositif propose reste peu pratique du 
fait qu'il est necessaire d'effectuer prealablement un 
calibrage (reference liee aux tissus xnous). 

Enf in, un tel dispositif reste de manipulation peu 
aisee du fait de la presence de cablages externes. 

a 

Le but de 1" invention est de remedier & ces 
inconvenients en proposant un dispositif ameiiore, dont le 
signal de sortie n'est pas perturbe par les variations dues 
& la profondeur d ■ engagement de 1' instrument de penetration. 

La pr^sente invention a egalement pour but de proposer 

« 

un dispositif autoriome, ne ndcessitant aucun c&blage 
externe . 

La presente invention a egalement pour but de proposer 
un dispositif offrant des conditions de forage ameiiorees et 
s6curis£es en avertissant 1'operateur de la formation de 
brSches . 

* 

k cet effet, 1 1 invention conceme selon son acception 
la plus g^nSrale un dispositif pour le suivi de la 
penetration d'un instrument dans une structure anatomique, 
en particulier une structure osseuse, coraportant une source 
de tension alimentant au moins deux electrodes situ6e sur 
ledit instrument et un moyen de mesure de 1' impedance entre 
lesdites electrodes , et elle est remarquable en ce que 
lesdites electrodes sont situfies sur ledit instrument de 
penetration de fagon & presenter une surface de contact 
affleurante et constants en fonction du degre d 9 enf oncement 
dudit instrument de penetration dans ladite structure 
osseuse. 

* 

Plus precisement, la Constance de la surface de 
contact des electrodes au cours de 1' enf oncement dudit 
instrument de penetration est obtenue de par les dimensions 
de ladite surface au regard des dimensions du trou forme 
dans la structure osseuse par ledit instrument de 



WO 2005/077283 



3 



PCT/FR2005/000340 



penetration, ladite surface de contact devant presenter des 
dimensions inf6rieures a celles du trou forme par ledit 
instrument de penetration. 

Par la notion de « surface de contact », il doit done 
€tre compris le fait que la surface affleurante des 
Electrodes prgsente des dimensions inferieures aux 
dimensions du trou forme par ledit instrument de 
penetration. 

De preference, ledit dispositif comporte une electrode 
affleurant la surface distale dudit instrument de 
penetration. 

Par surface distale, on entend la surface de 
l'extremite distale dudit instrument de penetration, 

Selon une premiere variante de 1' invention, ledit 
dispositif comporte deux electrodes affleurant la >. surface 
distale dudit instrument de penetration, lesdites electrodes 
etant disposees coaxialement et separees l'une de 1' autre 
par un isolant. 

Selon une variante de realisation de 1 'invention, 
ledit dispositif comporte deux electrodes affleurant la 
surface distale dudit instrument de penetration, lesdites 
electrodes etant disposees l'une par rapport h 1' autre 
symetriquement par rapport a l'axe longitudinal dudit 
instrument de penetration. 

Selon une autre variante de realisation de 
1' invention, ledit dispositif comporte une pluralite 
d 'electrodes affleurant la surface distale dudit instrument 
de penetration* 

Selon un mode de realisation avantageux de 
1 'invention, ledit dispositif comporte au moins une 
electrode presentant une surface de contact affleurant 
lateralement ledit instrument de penetration. 

Avantageusement, ladite electrode au moins presente 
une surface de contact annulaire. 
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Avantageusement, ledit dispositif comporte au moins 
deux Electrodes presentant une surface de contact laterale 
annul aire, 

* 

Avantageusement r ledit dispositif comporte une 
electrode principale affleurant la surface distale dudit 
instrument de penetration ainsi gu'une plurality 
d Electrodes secondaires affleurant lateralement pour former 
des contacts annulaires espaces longitudinalement . 

Selon un mode de' realisation pr6f6re de 1' invention, 
ledit dispositif comporte en outre des moyens de 
signalisation produisant un signal lors de la detection 
d'une variation de 1' impedance par ledit moyen de mesure. 

Avantageusement, le signal produit est un signal 
sonore dont la frequence et/ou la cadence diminue(nt) en 
fonction de 1 ' impedance mesuree, De preference, la frequence' 
et/ou la cadence diminue{nt) non lineairement en fonction de 
1 ' impedance mesuree ; 

Ainsi, lorsque ledit instrument sort de la structure 
osseuse, le. signal produit est un signal sonore aiguS a 

m 

cadence rapide ; lorsque ledit instrument penetre et reste 
dans la structure osseuse, le signal produit est un signal 
sonore grave & faible cadence. 

Avantageusement, ledit dispositif comporte un canal 
central pour le passage d'un instrument additionnel. 

■ 

L* invention sera mieux comprise & la lecture de la 
description qui suit, se referant aux figures annexees oft : 

les figures 1A et IB illustrent respectivement une 
vue en coupe frontale et une vue en coupe longitudinale d f un 
instrument de forage constituant un dispositif d' exploration 
de 1* invention ; 

la figure 2 illustre une vue en coupe frontale 
d'une premi&re variante de realisation de 1' instrument de 
forage ; 



WO 2005/077283 



5 



PCT/FR2005/000340 



la figure 3 illustre une representation graphique 
du signal sonore emis par le dispositif d' exploration en 
f onction de 1 ' impedance' mesurde ; 

la figure 4 illustre une vue en coupe 
longitudinale d'une seconde variante de realisation de 
1 ' instrument de forage ; 

la figure 5 illustre une vue en perspective d'une 
troisieme variante de realisation de l f instrument de 
forage ; 

la figure 6 illustre une vue en coupe 
longitudinale d'un instrument de penetration constitug d'un 
taraud ; et 

la figure 7 illustre une vue en coupe 
longitudinale de 1 ' instrument de penetration selon une autre 
variation de 1' instrument de forage. 

* 

Le dispositif selon 1' invention est un dispositif 
permettant le suivi de la penetration d'un instrument dans 
les structures osseuses d'un corps humain ou animal, 
lesdites structures presentant au raoins deux zones 
d 'impedance eiectrigue differentes. 

Lesdites electrodes, situees sur ledit instrument de 
penetration (1), sont configures pour presenter une surface 
de contact restant constante au cours de la penetration 
dudit instrument de penetration, 

Lesdites electrodes sent reliees chacune a un 
generateur eiectrique d61ivrant une tension alternative, 
lequel comprend un circuit de mesure de 1* impedance entre 
les deux electrodes ( impedancemfetr e ) . 

Ainsi, 1' impedance des tissus pediculaires etant 
strictement superieure h celle des tissus musculaires, la 
detection d'une brSche se traduit par une diminution de 
1 1 impedance . 

Ledit dispositif comporte en outre des moyens de 
signalisation produisant un signal speciflgue lors de la 
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detection , par 1'impedancemetre, d'une variation 
d ' impedance , et done de la penetration de 1 ' instrument dans 
une zone de tissus mous (moelle, nerfs), pour former ainsi 
une breche dans le cortex osseux. Lesdits moyens de 
5 signalisation consistent en 1'emission d'un signal visuel, 
tel qu'un t&noin lumineux, d'un signal sonore, et/ou d'un 
signal tactile (vibreur, ...). 

Un exemple prefere du principe de fonctionnement de la 
signalisation de la detection d'une br&che est decrit plus 
10 loin (figure 3). 

Dans la partie ci-apr£s, 1' instrument de penetration 
consiste en un instrument de forage (1). Cependant les 
configurations presentees ci-dessous sont bien entendu 
15 applicables aux autres instruments de penetration 
(taraudage, curetage, spatulage, .-). 

Les figures Ih et IB illustrent une premiere 
configuration, de 1' instrument de forage (1) constituant 
ledit dispositif d ' exploration selon 1' invention. 

Dans cette premiere configuration, 1' instrument de 
forage (1) presents au niveau de son extremite distale, deux 
electrodes (2, 3) de section circulaire et concentrique, 
1' electrode (2) interieure etant s6par6e de 1' electrode (3) 
exterieure par une couronne d'isolant (4). 

L' electrode (2) * constltue, dans cet exemple de 
realisation, le p61e positif dudit dispositif eiectronique , 
1 'electrode (3) le pdle negatif. il est bien entendu evident 
qu'il ne s'agit ici que d'un exemple de realisation, et gue 
l'homme du metier pourra realiser un dispositif eiectronique 
dont le p61e positif sera constitue par 1' electrode (3) et 
le pdle negatif par 1 'electrode (2) sans pour autant sortir 
de 1' invention. 

Chaque electrode (2, 3) est disposee de sorte h 
affleurer la surface distale dudit instrument de forage (1). 
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Afin d'eviter toute perturbation du signal , la surface 
de 1' electrode (3) affleurant la surface dudit instrument de 
forage (1) reste relativement petite par rapport aux 
dimensions du trou effectue dans le cortex osseux lors de 
!' operation de forage. 

Lors de la penetration de 1' instrument (1) dans la 
structure osseuse, un signal est emis par lesdits moyens de 
signalisation lorsqu'une variation d' impedance mesuree entre 
lesdites Electrodes (2, 3) est detectee par 
1 ' impfidancemfetre , indiquant la formation d'une brdche 

A cet instant/ le praticien est inform^ que 
l'extremite de 1' instrument de forage (1) vient de sortir du 
cortex osseux pour p£n6trer dans une zone de tissus mous. Le 
r praticien, s'il le souhaite, modifie alors la trajectoire de 
1 9 instrument de forage (1) de sorte & revenir dans le cortex 
osseux. 

La figure 2 il lustre une seconde configuration de 
1 ' instrument de forage (1) constituant ledit dispositif 
d 9 exploration . 

Dans cette seconde configuration/ 1' instrument de 
penetration (1) present's au niveau de son extremity distale 
deux electrodes (2, 3) de section circulaire sensiblement 
identique. Lesdites electrodes (2, 3) sont avantageusement 
disposees symetriquement par rapport k I 9 axe longitudinal de 
I 9 instrument de forage (1). 

La position desdites electrodes (2, 3) etant connue, 
leur disposition sur l'extremite distale donne des 
indications sur la position des brSches. En effet, la brdche 
detectee sera situee entre les deux electrodes {2, 3) pour 
lesquelles un signal est ends. 

Le nombre et la forme des electrodes etant donne ici & 
titre d'exemple, il est entendu que ledit instrument (1) de 
penetration peut presenter des electrodes en nombre 
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supSrieur et de forme • differente. II est a noter que la 
detection volumetrigue de brdches sera d'autant plus precise 
gue le nombre d' electrodes reparties h l'extrernite dudit 
instrument (1) sera eieve. 

La figure 3 illustre la representation graphique de la 
frequence et/ou cadence d'un signal sonore emis par lesdits 
raoyens de signalisation en fonction de 1' impedance mesur€e 
entre les Electrodes. 

Selon un mode de realisation preferentiel de 
1' invention, la courbe correspondant h la frequence et/ou la 
cadence du signal emis en fonction de 1' impedance est 
dficroissante et non lineaire (cf. figure 3). Ainsi, lorsque 
1' instrument de penetration est situe dans le cortex osseux, 
1' impedance mesuree entre les electrodes correspond 2i 
1' impedance de 1'os., cette impedance restant relativement 
constante. Lesdits moyens de signalisation informent le 
praticien de la position correcte dans le cortex par 
1' emission d'un signal de frequence grave et de cadence 
lente. En particulier, au-deia d'une certaine valeur de 
1 ' impedance , correspondant & 1* impedance mesuree dans 1'os, 
la frequence ainsi que la cadence des signaux restent 
relativement constantes. 

En revanche, lorsque 1'extremite de 1' instrument 
pendtre dans un tissu environnant mou, le praticien en est 
averti par une augmentation de la frequence et une 
acceleration de la cadence du signal. 

Ainsi, suivant m cette configuration, une falble 
variation de 1 # impedance dans 1'os ne s'entendra pas alors 
que, toute variation d' impedance liee & la penetration de 
V instrument dans un tissu environnant mou, aussi faible 
soit elle, s'entendra fortement. 
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De la m§me fagon, il est possible de realiser des 
instruments de penetration presentant d'autres 

V 

f onctionnalites • 

En particulier, ledit instrument (1) de forage pourra 
avantageusement comporter au moins une Electrode (7) 
affleurant la surface laterale dudit instrument (1) de 
forage, ainsi que deux Electrodes (5, 6) disposes 
concentriquement k 1'extremite distale dudit instrument (1) 
de forage (figure ?)♦ II sera ainsi possible, de par la 
configuration dudit instrument (1) de forage de determiner 
la presence et la direction d'une brdche au moyen des 
electrodes (6, 7), ainsi que de prevenir une eventuelle 
perforation du cortex osseux au moyen des electrodes (5, 6). 
A cet effet, il devra §tre evite de positionner une 
electrode laterale consistant em une tige allant jusqu'S 
; l'extremite distale. Il serait en effet impossible , avec une 
telle configuration, de savoir si la zone detectee par les 
electrodes est laterale ou distale. 

Avantageusement, des electrodes pourront etre 
disposees sur la surface laterale de 1' instrument de forage 
pour former des bandes de contact annulaires affleurant la 
surface de 1' instrument de forage (1) (figure 4). 

* 

Selon une variante de realisation de 1' invention, les 
electrodes seront avantageusement disposees sous la forme de 
points de contact repartis de fagon homogene sur la surface 
de 1' instrument de forage (1), une telle repartition des 
electrodes permettant une detection volumetrique des 
perforations (figure 5). Une telle configuration permet 
ainsi d' informer h chaque instant le chirurgien de la zone 
d' impedance la plus faible. 

La figure 6 illustre egalement la realisation d'un 
instrument de p6n6t ration configure pour le taraudage. 
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Avantageusement , ledit instrument (1) est constitu<§ d'une 
extr§mit£ distale en forme de pointe et pr€sente sur sa 
paroi latSrale des aretes coupantes. Une Electrode (3) est 
dispos^e sur au moins une ar§te coupante, Au moins une autre 
5 Electrode (2) est 6galement dispos^e k I'extr6mit6 distale 
en forme de pointe dudit instrument (1). Ainsi, lors de 
1 'operation de taraudage r le chirurgien est informs en temps 
r6el de la formation d'une brSche non seulement en bout de 
1 ' instrument et provoqu^e par l'extr§mit6 distale en forme 
10 de pointe de 1' instrument (1), mais ggalement lat<§ralement 
par rapport & la paroi dudit instrument (1) et provoqu^e par 
au moins une des ar§tes coupantes. • 

L' invention est d^crite dans ce qui prScdde & titre 
15 d'exemple. II est entendu que l'homme du metier est h ra§me 
de rSaliser diffgrentes variantes de 1* invention sans pour 
autant soriir du cadre du brevet. 

♦ 
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REVENDICATIONS 

1. Dispositif pour le suivi de la penetration d'un 
instrument (1) dans une structure anatomique, en particulier 
une structure osseuse, comportant une source de tension 
alimentant au nioins deux Electrodes et un moyen de mesure de 
l f impedance entre lesdites Electrodes f caractErisE en ce que 
lesdites Electrodes (2, 3) sont situEes sur ledit instrument 
de penetration (1) de fa§on h presenter une surface de 
contact af f leurante et constante en f onction du degrE 
d ' enf oncement dudit instrument de pEnEtration (1) dans 
ladite structure osseuse. 

2- Dispositif selon la revendication 1, caractErisE 
en ce qu'il comporte une Electrode affleurant la surface 
.distale dudit instrument de pEnEtration (1). 

3- Dispositif selon la revendication 1 ou la 
revendication 2, caractErisE en ce qu'il comporte deux 
Electrodes affleurant la surface distale dudit instrument de 
pEnEtration (1), lesdites electrodes Etant disposEes 
coaxialement et sEparEes l'une de 1' autre par un isolant 
(4). 

4. Dispositif selon la revendication 1 ou la 
revendication 2, caractErisE en ce qu'il comporte deux 
Electrodes affleurant la surface distale dudit instrument de 
pEnEtration (1), lesdites Electrodes Etant symEtrigues par 
rapport h l'axe longitudinal dudit instrument de 
pEnEtration, 

5. Dispositif • selon l'une quelconque des 
revendioations prEcEdentes, caractErisE en ce qu'il comporte 
une pluralitE d' Electrodes affleurant la surface distale 
dudit instrument de pEnEtration (1). 
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6. Dispositif selon la revendication 1, caracterise 
en ce qu'il comporte au moins une Electrode presentant une 
surface de contact affleurant lateralement ledit instrument 
de penetration (1). 

« 

7. Dispositif selon la revendication prScedente, 
caracterise en ce que ladite Electrode au moins prgsente une 
surface de contact annulaire. 

8. Dispositif selon la revendication 6 ou la 
revendication 7, caracterise en ce qu'il comporte au moins 
deux Electrodes presentant une surface de contact lat6rale 
annulaire.. 

* * ■ 

9. Dispositif selon la revendication 1, caracterise 
en ce qu'il comporte une electrode principale affleurant la 
surface distale dudit instrument de penetration (1) ainsi 
qu'une pluralite d' electrodes secondaires affleurant 
lateralement pour former des contacts annulaires espacSs 
longitudinalement . 

10. Dispositif selon l'une quelconque des 
revendications precedentes, caracterise en ce qu'il comporte 
en outre des moyens de signalisation produisant un signal 
lors de la detection par ledit moyen de mesure de 
1' impedance une variation de 1 ' impedance • 

11. Dispositif selon la revendication precedente, 
caracterise en ce que le signal produit est un signal sonore 
dont la frequence et/ou la cadence diminue(nt) en fonction 
de 1' impedance mesure© . 

12. Dispositif selon la revendication precedente, 
caracterise en ce que la frequence et/ou la cadence 
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diminue(nt) non lingairement en fonction de 1' impedance 
me surge , 

13. Dispositif selon l'une guelconque des 
revendications 10 h 12, caract§ris€ en ce que le signal 

produit lorsque ledit instrument sort de la structure 

» 

osseuse est un signal sonore aiguS & cadence rapide. 

14. Dispositif selon l'une quelconque des 
revendications 10 & 12, caract&risd en ce que le signal 
produit lorsgue ledit instrument p£n6tre la structure 
osseuse est un signal sonore grave & faible cadence « 

15. Dispositif selon l'une quelconque . des 
revendications pr6c6dentes, caractSrisd en ce que ledit 
dispositif est un dispositif autorioxne. 

16. Dispositif selon. l'une quelconque des 
revendications pr§c6dentes, caractSris€ en ce qu'il comporte 
un canal central pour le passage d'un instrument 
additionnel. 
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DEVICE TO MONITOR THE PENETRATION OF AN INSTRUMENT 

IN AN ANATOMIC STRUCTURE 

[0001] The present invention concerns the domain of spinal surgery, and more particularly 
the monitoring of penetration instruments during operations of vertebral, cervical, thoracic, 
lumbar, sacral or ilio-sacral drilling. 

{0002] Tbe prior art is already familiar with devices used to follow the penetration of an 
instrument in an anatomic structure, in particular a bone structure. 

f0003] ■. We axe aware of European patent EP0607688 describing a procedure and a system for 
the insertion, of a pedicular vertebral screw, consisting of applying an electric potential to the 
surfece of the cavity, and observing the muscular reactions provoked by this stimulation. 
[0004J We are also aware of a solution consisting of measuring the modification in the 
impedance of the region neighbouring the explored bone cavity, using a sound presenting an 
electrode coming into contact with the wall of the bone cavity, and a second electrode placed on 
the patient. The purpose is to detect the gaps in bone matter, for example during an operation 
preparing for the insertion of a pedicular screw in a vertebra. 

10005) The information gathered with such a solution is difficult to inteipret, since the 
impedance measured between the two electrodes is perturbed by artefacts related to the variation 
in the penetration of the sound in the cavity. The resistivities of the air, muscle tissue, bone 
tissue and gaps differ, and the signal measured is the result of several parameters that in part 
mask the useful information corresponding to the passage of the electrode of the sound near a 
gap. 

{0006J In addition, the device proposed is not very practical since it first requires a 
calibration (reference related to soft tissue). 



(0007J Finally, such a device remains not very easy to manipulate due to the presence of 
external cables. 
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[0008J The purpose of the invention is to correct these disadvantages by proposing 
improved device, whose output signal is not disturbed by variations due to the depth ofthe entry 
of the penetration instrument. 

f0009J The present invention also aims at proposing an autonomous device, not requiring 
external cabling. 

fOOlOJ The preseut invention also aims at proposing a device ottering improved and safer 
drilling conditions by informing the operator ofthe foimation of gaps. 

(001 1 J For this purpose, according to its most general acceptation, the invention concerns a 
device to monitor the penetration of an instrument in an anatomic structure, in particular a bone 
structure, comprising a source of current supplying at least two electrodes located on the 
aforementioned instrument and a means to measure the impedance between the aforementioned 
electrodes, and it is remarkable in that the aforementioned electrodes are located on the 
aforementioned penetration instrument so as to present a coinciding and constant contact surface 
as a function of the degree of entry of the aforementioned penetration instrument in the 
aforementioned bone structure. 

(0012J More precisely, the invariability of the contact surface of the electrodes during the 
entry of the aforementioned penetration instrument is obtained by the dimensions of the 
aforementioned surfece with respect to the dimensions of the hole formed in the bone structure 
by the aforementioned penetration instrument, since the dimensions of the aforementioned 
contact surface should not exceed those ofthe hole formed by the aforementioned penetration 
instrument. 
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10013) The term "contact surface" refers to the feci that the dimensions of the surface 
coinciding with the electrodes is smaller than those of the hole formed by the aforementioned 
penetration instrument. 

[0014] Preferably, the aforementioned device comprises an electrode coinciding with the 
distal surface of the aforementioned penetration instrument. 

I0015J Distal surface refers to the surface of the distal end of the aforementioned penetration 
instrument. 

(00161 According to a first variant of the invention, the aforementioned device comprises 
two electrodes coinciding with the distal surface of the aforementioned penetration instrument 
since the aforementioned electrodes are coaxially placed and separated by an insulation. 
1001 7] According to one variant of the invention, the aforementioned device comprises two 
electrodes coinciding with the distal surface of the aforementioned penetration instrument, since 
the aforementioned electrodes are symmetrically placed with respect to a longitudinal axis of the 
aforementioned penetration instrument. 

1003 8) According to another variant of the invention, the aforementioned device comprises a 
plurality of electrodes coinciding with the distal surface of the aforementioned penetration 
instrument. 

I0019J According to an advantageous mode of implementation of the invention, the 
aforementioned device comprises at least one electrode presenting a contact surface laterally 
coinciding with the aforementioned penetration instrument. 

10020) Advantageously, the aforementioned electrode at least presents an annular contact 
surface. 
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[0021] Advantageously, the aforementioned device comprises at least two electrodes 
presenting an annular lateral contact surface. 

{0022J Advantageously, the aforementioned device comprises a main electrode coinciding 
with the distal surface of the aforementioned penetration instrument as well as a plurality of 
secondary laterally coinciding electrodes to form longitudinally spaced annular contacts. 
I0023J According to a preferred mode of implementation of the invention, the 
aforementioned device also comprises means of signalling producing a signal at the time of 
detection of a variation in the impedance by the aforementioned means of measurement. 
f0024| Advantageously, the signal produced is a sound signal whose frequency and/or 
rhythm decreases as a function of the impedance measured. Preferably, the frequency and/or 
rhythm non linearly reduce as a function of the impedance measured. 

(0025] Therefore, when the aforementioned instrument loaves the bone structure, an acute 
sound signal with a rapid rhythm is produced. When the aforementioned instrument penetrates 
and remains in the bone structure, a low-pitched sound signal with a low rhythm is produced. 
(0026) Advantageously, the . aforementioned device comprises a central channel for the 
passage of an additional instrument, 

J0027J The invention will be better understood upon reading the following description, 
referring to the appended figures where; 

> 

figures 1 A and IB respectively illustrate a front section view and a longitudinal section 
view of a drilling instrument forming the exploration device of the invention; 

figure 2 illustrates a front section view of a first variant of the drilling instrument; 

figure 3 illustrates a graphic representation of the sound signal given ofT by the 
exploration device as a function of the impedance measured; 
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figure 4 illustrates a longitudinal section view of a second variant of the drilling 
instrument; 

figure 5 illustrates a perspective view of a third variant of the drilling instrument; 

figure 6 illustrates a longitudinal section view of a penetration instrument comprising a 
tap; and 

figure 7 illustrates a longitudinal section view of the penetration instrument according to 
another variation of the drilling instrument. 

J0028J The device according to the invention is a device to monitor the penetration of an 
instrument in the bone structures of a human or animal body, the aforementioned structures 
presenting at least two different zones of electric impedance. . . 



100291 aforementioned electrodes, located on the aforementioned penetration instrument 

(1), are configured to present a contact surface that remains constant during the penetration of the 
aforementioned penetration instrument. 

[0030J The aforementioned electrodes are each connected to an electric generator delivering 
an alternative current, which comprises a circuit to measure the impedance between the two 
electrodes (impedometer). 

J0031 J Therefore, since the impedance of the pedicular tissue is strictly superior that of 
muscle tissue, (he detection of a gap results in a reduction in the impedance. 
[0032] The aforementioned device also comprises means of signalling producing a specific 
signal at the time of the detection, by impedometer, of a variation in impedance, and therefore 
the penetration of the instrument in a zone of soft tissue (marrow, nerves), to thereby form a gap 
in the bone cortex. The aforementioned means of signalling consist of the emission of a visual 
signal, such as a light, a sound signal, and/or a tactile signal (vibrator, -). 
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10033 j A preferred example of the operating principle of the signalling of the detection of a 
gap is described below (figure 3). 

{00341 In the following section, the penetration instrument consists of a drilling instrument 
(1). However, the configurations presented below are of course applicable to other penetration 
instruments (tapping, curettage, spalulage, -). 

{0035] Figures I A and IB illustrate a first configuration of the drilling instrument (1) 
composing the aforementioned exploration device according to the invention. 
10036] In this first configuration, the drilling instrument (1) has, at the distal end, two 
electrodes (2, 3) of circular and concentric section, inner electrode (2) being separated from outer 
electrode (3) by an insulation ring (4). 

J0037] Electrode (2) comprises, in this example of implementation, (he positive pole of the 
aforementioned electronic device, electrode (3) the negative pole. It is of course obvious that 
this is only an example of implementation, and that the man skilled in the art may create an 
electronic device whose positive pole will consist of electrode (3) and negative pole of electrode 
(2) without going beyond the invention. 

10038J Each electrode (2, 3) is arranged so as to coincide with the distal surface of Uie 
aforementioned drilling instrument (1). 

f0039] In order to avoid any perturbation in the signal, the surface of electrode (3) coinciding 
with the surface of the aforementioned drilling instrument (1) remains relatively small compared 

4 

k 

with the dimensions of the hole made in the bone cortex during the drilling operation. 

[0040] During the penetration of the instrument (1) in the bone structure, a signal is given off 

by the aforementioned means of signalling when a variation in the impedance measured between 
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the aforementioned electrodes (2, 3) is detected by the impedometer, indicating the formation 
a gap. 



of 



f0O4I J At that time, the practitioner is informed that the end of the drilling instrument (1) has 
just left the bone cortex to penetrate in a zone of soft tissue. The practitioner, if he so desires, 
then modifies the path of the drilling instrument (1 ) so as to return to the bone cortex. 
f0042J Figure 2 illustrates a second configuration of the drilling instrument ( I) comprising 
the aforementioned exploration device. 

10043] In this second configuration, the penetration instrument (1) presents two electrodes 
(2, 3) of sensibly identical circular section its the distal end. The aforementioned electrodes (2, 
3) are advantageously symmetrically arranged with respect to the longitudinal axis of the drilling 
instrument (1). 

100441 Since the position of the aforementioned electrodes (2, 3) is known, their disposition 
on the distal end provides indications about the position of the gaps. In fact, the gap detected 
will be located between the two electrodes (2, 3) for which a signal is emitted. 
10045] Since the number and shape of the electrodes is here provided by way of example, it 
is understood that the aforementioned penetration instrument (1) may present a greater number 
of electrodes and their shape may differ. It should be noted that the volumetric detection of gaps 
will be more exact the higher the number of electrodes distributed at the end of the 
aforementioned instrument (1). 

r0046J Figure 3 illustrates the graphic representation of the fiequency and/or rhythm of a 
sound signal given ofTby the aforementioned means of signalling as a function of the impedance 
measured between the electrodes. 
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(0047! According to one preferential mode of implementation of the invention, the curve 
corresponding to the frequency and/or rhythm of the signal emitted as a function of the 
impedance is decreasing and not linear (see figure 3). Therefore, when the penetration 
instrumenl is located in the bone cortex, the impedance measured between the electrodes 
corresponds to the impedance of the bone, this impedance remains relatively constant. The 
aforementioned means of signalling inform the practitioner of the proper position in the cortex 
by the emission of a signal with a low frequency and slow rhythm. In particular, beyond a 
certain value of impedance, corresponding to the impedance measured in the bone, the frequency 
as well as die rhythm of the signal remain relatively constant. 

100481 However, when the end of the instrument enters surrounding soft tissue, the 
practitioner is informed of this by an increase in the frequency and an acceleration in the rhythm 
of die signal. 

(0049J Therefore, following this configuration, a small variation of the impedance in the 
bone is not heard while any variation in the impedance related to the penetration of the 
instrument in the surrounding soft tissue, as small as it may be, will be strongly heard. 

f0050J In the same way, it is possible to create penetration instruments presenting other 
functionalities. 

10051J In particular, the aforementioned drilling instrument (1) may advantageously 
comprise at lease one electrode (7) coinciding with the lateral surface of the aforementioned 
drilling instrument (1), as well as two electrodes (5, 6) concentrically arranged at the distal end 
of the aforementioned drilling instrument (1) (figure 7). It will thereby be possible, due to the 
configuration of the aforementioned drilling instrument (1) to determine the presence and 
direction of a gap by means of electrodes (6, 7) as well as signal any perforation of the bone 
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cortex by means of electrodes (5, 6). For (his purpose, the positioning of a lateral electrode 

consisting of a rod going to the distal end should be avoided. In fact, it would be impossible, 

with such a configuration, to know whether the zone detected by the electrodes is lateral or 
distal. 

10052] Advantageously, the electrodes may be arranged on the lateral surface of the drilling 
instrument in order to form annular bands of contact coinciding with the surface of the drilling 
instrument (I) (figure 4). 

10053) According to one variant of the invention, the electrodes will be advantageously 
arranged in the form of points of contact distributed in a homogenous manner on the surface of 
the drilling instrument (1). Such a distribution of the electrodes will enable the volumetric 
detection of the perforations (figure 5). Such a configuration may thereby inform the surgeon of 
the lowest zone of impedance at all times. 

(0054] Figure 6 also illustrates the implementation of a penetration instrument configured for 
tapping. Advantageously, the aforementioned instrument (1) comprises a distal end in the form 
of a point and the lateral wall presents cutting stops. One electrode (3) is arranged on at least one 
cutting stop. At least one other electrode (2) is also arranged at the distal end in point form of 
the aforementioned instrument (1). Therefore, during the tapping operation, the surgeon is 
informed of the formation of a gap in real time not only at the end of the instrument and 
provoked by the distal end in point form on the instrument (1) but also laterally with respect to 
the wall of the aforementioned instrument (1) and provoked by at least one of the cutting stops. 
J0055J The invention is described above by way of example. It is understood that the man 
skilled in the art is able to create different variants of the invention without going beyond the 
framework of the patent. 



9 



EMC: EV 548524S61 US 



CLAIMS 



1 . Device to monitor the penetration of an instrument (I ) in an anatomic structure, in 
particular a bone structure, comprising a source of cuirent supplying at least two electrodes and a 
means to measure the impedance between the aforementioned electrodes, characterised in that 
the aforementioned electrodes (2, 3) are located on the aforementioned penetration instrument 
(1) so as to present a coinciding and constant contact surface as a function of the degree of 
penetration of the aforementioned penetration instrument (1) in the aforementioned bone 
structure. 



2. Device according to claim I, characterised in that it comprises an electron 
coinciding with thexKstal surface of the aforementioned penetration instrument. 



3, Device according to claim 1 or claim 2, characterised in that it comprises two 
electrodes coinciding with the distal surface of the aforementioned penetration instrument (1), 
the aforementioned electrodes being coaxially arranged and separated from each other by 
insulation. 



an 



4. Device according to claim 1 or claim 2, characterised in that it comprises two 
electrodes coinciding with the distal surface of the aforementioned penetration instrument (1), 
the aforementioned electrodes being symmetrical with respect to the longitudinal axis of the 
aforementioned penetration instrument. 
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5. Device according to any of the previous claims, characterised in that it comprises 
a plurality of electrodes coinciding with the distal surface of the aforementioned penetration 
instrument (1). 

* 

6. Device according to claim 1, characterised in that it comprises at least one 
electrode presenting a contact surface laterally coinciding with the aforementioned penetration 
instrument (1). 

7. Device according to the previous claim, characterised in that the aforementioned 
electrode at least presents one annular contact surface. 

8. Device according to claim 6 or claim 7, characterised in that it comprises at least 
two electrodes presenting a lateral annular contact surface. 

* 

9. Device according to claim 1 r characterised in that it comprises one main electrode 
coinciding with the distal surface of the aforementioned penetration instrument (1) as well as a 
plurality of laterally coinciding secondary electrodes to foim longitudinally spaced annular 
contacts. 

10. Device according to any of the previous claims, characterised in that it also 
comprises means of signalling producing a signal during the detection by the aforementioned 
means to measure the impedance by a variation in impedance. 
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1 1 . Device according to the previous claims, characterised in that the signal produced 
is a sound signal whose frequency and/or rhythm decrease as a function of the impedance 
measured. 

1 2. Device according to the previous claim, characterised in that the frequency and/or 
rhythm decrease in a non linear manner as a function of the impedance measured. 

13. Device according to any of claims 10 to 12, characterised in that the signal 
produced when the aforementioned instrument leaves the bone structure is an acute sound signal 
with a rapid rhythm. 

14. Device according to any of claims 10 to 12, characterised in that the signal 
produced when the aforementioned instrument penetrates the bone structure is a low-pitched 
sound signal with a slow rhythm. 

15. Device according to any of the previous claims, characterised in that the 
aforementioned device is an autonomous device. 

16. Device according to any of the previous claims, characterised in that it comprises 

< 

a central channel for the passage of an additional instrument. 
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I • Device lo monitor the penetration of an instrument (1) in an anatomic structure, 
particular a bone structure, comprising a source of cuirent supplying at least two electrodes and a 
means to measure the impedance between the aforementioned electrodes, the aforementioned 
electrodes (2, 3) are located on the aforementioned penetration instrument (1) characterised in 
that the device comprises at least a first electrode presenting a contact surface coinciding with 
the distal surface of the aforementioned penetration instrument and at least a second electrode 
presenting a contact surface coinciding with the lateral surface of the aforementioned penetration 
instrument (1), said contact surfaces dimension are so as to present a coinciding and constant 
contact surface as a function of the degree of penetration of the aforementioned penetration 
instrument (1) in the aforementioned bone structure. 



2. Device according to claim 1, characterised in that it comprises two electrodes 
coinciding with the distal surface of the aforementioned penetration instrument (1), the 
aforementioned electrodes being coaxially arranged and separated from each other by an 
insulation (4). 



3. Device according to claim 1, characterised in that it comprises two electrodes 
coinciding with the distal surface of the aforementioned penetration instrument (1), the 
aforementioned electrodes being symmetrical with respect to the longitudinal axis of the 
aforementioned penetration instrument 
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4. Device according to any of the previous claims, characterised in that the 
aforementioned electrode at least presents one annular contact surface. 



5. Device according to claim I , characterised in that it comprises one main electrode 
coinciding with the distal surface of the aforementioned penetration instrument (1) as well as a 
plurality of laterally coinciding secondary electrodes to form longitudinally spaced annular 
contacts. 



6. Device according to claim 1, characterised in that it comprises a first electrode 
coinciding with the distal surface of the aforementioned penetration instrument (l) t a second 
electrode coinciding with the lateral surface of the aforementioned penetration instrument (1) and 
a third electrode partially covering lateral surface of the aforementioned penetration instrument 
(1). 



7. Device according to any of the previous claims, characterised in that it also 
comprises means of signalling producing a signal during the detection by the aforementioned 
means to measure the impedance by a variation in impedance. 



8. Device according to the previous claim, characterised in that the signal produced 
is a sound signal whose frequency and/or ittyihm decrease as a function of the impedance 
measured. 
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9. Device according lo the previous claim, characterised in that the frequency and/or 
rhythm decrease in a non linear manner as a function of the impedance measured. 



10. Device according to any of claims 7 to 9, characterised in that the signal produced 
when the aforementioned instrument leaves the bone structure is an acute sound signal with a 
rapid rhythm. 



1 1 . Device according to any of claims 7 to 9, characterised in that the signal produced 
when the aforementioned instrument penetrates the bone structure is a low-pitched sound signal 
with a slow rhythm. 



12. Device according to any of the previous claims, characterised in that the 
aforementioned device is an autonomous device. 



13. Device according to any of the previous claims, characterised in that it comprises 
a central channel for the passage of an additional instrument. 
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DEVICES THAT MONITOR PENETRATION OF AN INSTRUMENT 

IN AN ANATOMICAL STRUCTURE 



Related Application 



[0001] This is a §371 of International Application No. PCT/FR2005/000340, with an 
international filing date of February 11, 2005 (WO 2005/077283 Al, published August 25, 
2005X which is based on French Patent Application No. 04/01362, filed February II, 2004. 



Technical Field 



(0002| This disclosure relates to spinal surgery, more particularly, monitoring of penetration 
instruments during operations of vertebral, cervical, thoracic, lumbar, sacral or iiio-kacraJ 
drilling. 



Background 

T0003J Devices used to follow the penetration of an instrument in an anatomical structure, in 
particular, a bone structure are known. 

10004] Ep 0 607 688 describes a procedure and system for the insertion of a pedicular 
vertebral screw, incuding applying an electric potential to the surface of the cavity, and 
observing the muscular reactions provoked by this stimulation. 

(0005J It is also known to measure the modification in the impedance of the region 
neighboring the explored bone cavity using a sound presenting an electrode coming into contact 
with the wall of the bone cavity, and a second electrode placed on the patient. The purpose is to 



detect the gaps in bone matter, for example, during an operation preparing for the insertion of a 
pedicular screw in a vertebra. 

(0006J The infomiation gathered with such an approach is difficult to inteipret since the 
impedance measured between the two electrodes is perturbed by artefacts related to the variation 
in the penetration of the sound in the cavity. The resistivities of the air, muscle tissue, bone 
tissue and gaps differ, and the signal measured is the result of several parameters that in part 
mask the useful infoiroation corresponding to the passage of the electrode of the sound near a 
gap. 

10007| In addition, the device is not very practical since it first requires calibration (reference 
related to soft tissue). Finally, such a device remains not very easy to manipulate due to the 

r 

presence of external cables. 

■ 

10008] It could therefore be advantageous to provide a device whose output signal is not 
disturbed by variations due to the depth of the entry of the penetration instrument. 



in an 



Summary 

f0009) This invention relates to a device to monitor penetration of an instrument 
anatomical structure including at least two electrodes, a source of current supplying the at least 
two electrodes, and means for measuring impedance between the electrodes, wherein the 
electrodes are located on the penetration instrument, wherein the first electrode has a contact 
surface coinciding with a distal surface of the penetration instrument and the second electrode 
has a contact surface coinciding with a lateral surface of the penetration instrument, and wherein 
the contact surfaces are dimensioned to have a coinciding and constant contact surface as a 
function of a degree of penetration of the penetration instrument in the anatomical structure. 
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Brief Description of the Drawings 

[0010] Selected, representative aspects of the devices will be better understood upon reading 
the following description, referring to the appended figures where: 

Figs. 1A and IB, respectively, are a front sectional view and a longitudinal sectional view 
of a drilling instrument forming an exploration device; 

Fig. 2 is a front sectional view of a drilling instrument; 

Fig. 3 is a graphic representation of the sound signal given off by the exploration device 
as a function of the impedance measured; 

Fig. 4 is a longitudinal sectional view of a drilling instrument; 
Fig. 5 is a perspective view of a drilling instrument; 

Fig. 6 is a longitudinal sectional view of a penetration instrument comprising a tap; and 
Fig. 7 is a longitudinal sectional view of a penetration instrument of a drilling instrument. 

* 

Detailed Description 

[0011 J We disclose devices to monitor penetration of an instrument in an anatomical 
structure, in particular, a bone structure, comprising a source of current supplying at least two 
electrodes located on the instrument and a means to measure the impedance between the 
electrodes. The electrodes are located on the penetration instrument to present a coinciding and 
constant contact surface as a function of the degree of entry of the penetration instrument in the 
bone structure. 

[0012] More precisely, the invariability of the contact surface of the electrodes during entry 
of the penetration instrument is obtained by the dimensions of the surface with respect to the 
dimensions of the hole formed in the bone structure by the penetration instrument, since the 



dimensions of the contact surface should not exceed those of the hole formed by the penetration 
instrument 

10013] The term "contact surface" refers to the fact that the dimensions of the surface 
coinciding with the electrodes is smaller than those of the hole formed by the penetration 
instrument. 

> 

{0014] Preferably, the device comprises an electrode coinciding with the distal surface of the 
penetration instrument 

(0015J "Distal" surface refers to the surface of the distal end portion of the penetration 
instrument 

(OOldJ The device may comprise two electrodes coinciding with the distal surface of the 
penetration instrument, since the electrodes are substantially coaxially placed and separated by 
insulation. 

fOOl 7J The device may also comprise two electrodes coinciding with the distal surface of the 
penetration instrument since the electrodes are symmetrically placed with respect to a 
longitudinal axis of the penetration instrument. 

{001 8J The device may further comprise a plurality of electrodes coinciding with the distal 
surface of the penetration instrument 

{0019] The device may comprise at least one electrode having a contact surface laterally 
coinciding with the penetration instrument Advantageously, the electrode at least has a 
substantially annular contact surface. Advantageously, the device comprises at least two 
electrodes having an annular lateral contact surface. 
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{0020] Advantageously, the device may comprise a main electrode coinciding with the distal 
surface of the penetration instrument as well as a plurality of secondary laterally coinciding 
electrodes to form longitudinally spaced annular contacts. 

[0021 J The device may also comprise means of signalling producing a signal at the time of 
detection of a variation in the impedance by the means of measurement. 
10022J Advantageously, the signal produced may be a sound signal whose frequency and/or 
rhythm decreases as a function of the impedance measured. Preferably, the frequency and/or 
rhythm non linearly reduce as a function of the impedance measured. 

(0023J Therefore, when the instrument leaves the bone structure, an acute sound signal with 
a rapid rhythm is produced When the instrument penetrates and remains in the bone structure, a 
low-pitched sound signal with a low rhythm is produced. 

[0024J Advantageously, the device may comprise a central channel for fee passage of an 
additional instrument. 

{0025J The device monitors penetration of an instrument in the bone structures of a human or 
animal body, the structures having at least two different zones of electric impedance, 

* 

f0026J The electrodes, located on die penetration instrument (1), are configured to have a 
contact surface that remains constant during penetration of the penetration instrument 
J0027J Hie electrodes axe each connected to an electric generator delivering an alternative 
current, which comprises a circuit to measure the impedance between the two electrodes 
(impedometer). 

{00281 Therefore, since the impedance of the pedicular tissue is superior that of muscle 
tissue, the detection of a gap results in a reduction in the impedance. 
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[0029] The device also comprises means for signalling that produce a specific signal at the 
time of the detection, by impedometer, of a variation in impedance and, therefore, penetration of 
the instrument in a zone of soft tissue (marrow, nerves), to thereby form a gap in the bone cortex. 
The means for signalling include emission of a visual signal, such as a light, a sound signal, 
and/or a tactile signal (vibrator or the like). 

[0030} A preferred example of the operating principle of the signalling of the detection of a 
gap is described below and shown in Fig. 3* 

[0031] In the following section, the penetration instrument includes a drilling instrument (1). 
However, the configurations presented below are, of course, applicable to other penetration 
instruments (tapping, curettage, spatulage and the like). 

10032] Figs. 1A and IB illustrate a first configuration of the drilling instrument (1) 
composing the exploration device. 

10033] In this first configuration, the drilling instrument (1) has, at'the distal end portion, two 
electrodes (2, 3) of circular and concentric section, inner electrode (2) being separated from outer 
electrode (3) by an insulation ring (4). 

{0034] Electrode (2) comprises in this example the positive pole of the electronic device, 
electrode (3) the negative pole. This is only one example of implementation and one skilled in 
fee art may create an electronic device whose positive pole will include electrode (3) and 
negative pole of electrode (2) without going beyond the scope of this disclosure. 
10035] Each electrode (2, 3) is arranged to coincide with the distal surfece of the drilling 
instrument (1). 



6 



10036] In order to avoid any perturbation in the signal, the surface of electrode (3) coinciding 
with the surface of the drilling instrument (1) remains relatively small compared with the 
dimensions of the hole made in the bone cortex during the drilling operation. 
[0037] During penetration of the instrument (1 ) in the bone structure, a signal is given off by 
the means effor signaling when a variation in the impedance measured between the electrodes 
(2, 3) is detected by the impedometer, indicating formation of a gap. 

J0038] At that time, the practitioner is informed that the end of the drilling instrument (1) has 
just left the bone cortex to penetrate in a zone of soft tissue. The practitioner, if so desired, then 
modifies the path of the drilling instrument (1) to return to the bone cortex. 

f0039| Fig. 2 illustrates a second configuration of the drilling instrument (1 ) comprising the 
exploration device. 

10040] In this second configuration, the penetration instrument (1) has two electrodes (2, 3) 
of sensibly identical circular section its the distal end. The electrodes (2, 3) are advantageously 
symmetrically arranged with respect to the longitudinal axis of the drilling instrument (I). 
[0041] Since the position of the electrodes (2, 3) is known, their disposition on the distal end 
provides indications about the position of the gaps, fa fact, the gap detected will be located 
between the two electrodes (2, 3) for which a signal is emitted. 

10042] Since the number and shape of the electrodes is here provided by way of example, it 
is understood that the penetration instrument (1) may have a greater number of electrodes and 
their shape may differ. It should be noted that the volumetric detection of gaps will be more 
exact the higher the number of electrodes distributed at the end of the instrument (1). 
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JO043) Fig. 3 illustrates the graphic representation of the frequency and/or rhythm of a sound 
signal given ofTby the means for signalling as a function of the impedance measured between 
the electrodes. 

f0044] According to one preferential mode of implementation, the curve corresponding to 
the frequency and/or rhythm of the signal emitted as a function of the impedance is decreasing 
and not linear as shown in Fig. 3. Therefore, when the penetration instrument is located in the 
bone cortex, the impedance measured between the electrodes corresponds to the impedance of 
the bone, this impedance remains relatively constant The means for signalling inform the 
practitioner of the proper position in the cortex by the emission of a signal with a low frequency 
and slow rhythm. In particular, beyond a certain value of impedance, corresponding to the 
impedance measured in the bone, the frequency as well as the rhythm of the signal remain 
relatively constant. ■, . . 

(0045J JKowever, when the end of the instrument enters surrounding soft tissue, the 
practitioner is informed of this by an increase in the frequency and an acceleration in the rhythm 
of the signal. 

10046J Therefore, following this configuration, a small variation of the impedance in the 
bone is not heard while any variation in the impedance related to tie penetration of the 
instrument in the surrounding soft tissue, as small as it may be, will be strongly heard. 

(0047) In me same way, it is possible to create penetration instruments having other 
functionalities. 

(0048) In particular, the drilling instrument (I) may advantageously comprise at tease one 
electrode (7) coinciding with the lateral surface of the drilling instrument (1), as well as two 
electrodes (5, 6) concentrically arranged at the distal end of the aforementioned drilling 
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(0050] 



instalment (1) (Fig. 7). ft will thereby be possible, due to the configuration of the drilling 
instrument (I), to determine the presence and direction of a gap by means of electrodes (6, 7) as 
well as signal any perforation of the bone cortex by means of electrodes (5, 6). For this purpose, 
positioning a lateral electrode comprising a rod going to the distal end should be avoided. In 
fact, it is believed to be impossible, with such a configuration, to know whether the zone 
detected by the electrodes is lateral or distal. 

t 

(0049J Advantageously, the electrodes may be arranged on the lateral surface of the drilling 
instrument to form annular bands of contact coinciding with the surface of the drilling instrument 
(1) (Fig. 4). 

The electrodes may be advantageously arranged in the form of points of contact 
distributed in a homogenous manner on the surface of the drilling instrument (1). Such a 
distribution of the electrodes enables the volumetric detection of the perforations (Fig. 5). Such 
a configuration may thereby inform the surgeon of the lowest zone of impedance at all times. 
W051J Fig. 6 also illustrates implementation of a penetration instrument configured for 
tapping. Advantageously, the instrument (1) comprises a distal end in the form of a point and the 
lateral wall has cutting stops. One electrode (3) is arranged on at least one cutting stop. At least 
one other electrode (2) is also arranged at the distal end in point fonn of the instrument (1). 
Therefore, during the tapping operation, the surgeon is informed of the formation of a gap in real 
time not only at the end of the instrument and provoked by the distal end in point form on the 
instrument (1), but also laterally with respect to the wall of the instrument (1) and provoked by at 
least one of the cutting stops. 
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(0052] The invention is described above by way of example. It is understood that one skilled 
in the art is able to create different variants without departing from the framework of the devices 
as defined in the appended claims. 
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Comefvci ce feu illet, (I sera necessafre en cas do reclamation. 
Us cat ocheant, vwj pouvei tatre une reclamation dans 
nltnporte quel bureau de Poste. 
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